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PART  FIRST. 

ANOMALIES  OF  REFRACTION  AND  ACCOMMODATION. 
^SPECTACLES,  OPHTHALMOSCOPE,  AND  OPHTHAL- 
MOMETER.—ANOMALIES    OF  THE   OCULAR   MUSCLES. 


ANOMALIES  OF  REFRACTION  AND  ACCOMMODATION. 


Thakks  to  the  lui-id  treatment  of  this  subject  by  Bondeni, 
ihe  ^ViionmlieB  of  RoCniotion  and  Acconiiiictdation  have  Ix'oomt 
oae  of  the  clearest  and  most  complete  eliapterH  <tf  ctplitlmbnolngy. 
Even  the  first  step  was  tlecisive.  The  sharp  distinetiun  wliieh 
Donders  made  between  Hefra<'tion  and  Aeetmimodatiitn  \vi\s  sufifi- 
oient  to  Ixininh  all  olxscurity.  Ry  refrnction  we  iiiiderstand  that 
optical  adjuHtJuent  of  the  eye  winch  depeiidti  upon  ita  unatomical 
structure;  the  aeconimndHtioii  inehides  those  elianges  of  the  op- 
tical adju>tnient  wliieh  are  eOlirteil  hy  the  ciliary  mufR-te.  Hence 
we  can  say  that  the  refraction  is  that  optical  condition  of  tlie  eye 
which  we  have  when  the  ciliary  muhole  h  wliolly  relaxed. 

The  auatoiniud  eornimnenlji  wliieh  determine  the  optical  struc- 
ture of  the  eye  are  as  follows:  (1)  the  curved  surfaces  of  the  diop- 
tric apparatus, — /.c,  the  surface  of  the  corntti^  the  ynrfattes  of 
the  leiH,  together  with  the  distant  iK^twctJii  these  snrfatt;s;  (2) 
tl»e  refractive  index  of  the  transparent  media, — j.c.,  of  the  cornea, 
aqueous  humor,  lens,  and  vitreous  body;  and  (3)  the  length  of 
the  axis  of  the  eye. 

The  jfTcat  numl>er  of  these  oomiwnents,  and  their  liability  to 
variations,  natiinilly  ciiiise  different  conditions  of  refraction  in 
diiferenl  individuals.  Donders,  however^  easily  succeeded  in 
arrangiuj^  tiie  possibilities,  Hiiiec  he  started  out  with  the  behavior 
of  the  eye  toward  rays  of  light  which  fall  |»urulle]  upon  the  wr- 
nea ;  for  such  rays  after  refraction  in  the  eye  must  I>e  focuacd 
either  ujwn  the  sensitive  layer  of  the  retina  or  before  or  behind  it. 

Hence  there  may  be  three  diU'erent  (Conditions  of  refraction, 
perfect  rest  of  accommiMlation — that  is,  total  relaxation  of  the 
ciliarj-  miis(;ie— l«;ing  always  a-ssumeil. 

Wlieo  ravs  of  light  which  proceed  from  a  point  lying  at  an 
infinite  distance,  and  which  are  therelbre  practically  jKirallel,  fall 
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Upon  the  cornea,  and  are  focused  upon  the  retina,  we  have  emnie- 
tropin  J  if  focused  In  front  of  the  retina,  we  have  myopia;  if  behind 
the  retina, — that  is  to  say,  if  the  rays  after  their  refraction  in  the 
dioptric  apparatus  converge  toward  a  jwiut  lying  behind  the  retina, 
— wtt  have  hyp^jrmotropia. 

Perhajw  it  will  w>ntrihute  to  the  elucidation  of  this  subject  if 
we  call  attention  to  the  fact  that  the  eye  considered  as  au  optical 
instnitneiit  iscun-^tnictcd  likeamraera  obscnra.  In  fact,  it  is  jiiRt 
us  impurtaut  with  die  camera  obscura  of  the  photographer  as 
vnih  the  eye  that  the  optical  image  of  the  object  be  thrown  with 
jierfwt  distinctness  ii]>an  the  sensitive  plate.  Now,  under  what 
conditions  will  this  requirement  be  satisfied? 

Let  us  first  examine  the  ciimera  oliscnra,  which  in  its  simplest 
form  consists  merely  of  a  convex  lens  and  of  a  ground-glass  plate, 
upon  which  the  optical  image  is  received.  This  image  depemls 
upon  the  fart  that  the  rays  of  light  which  proceed  from  each 
sepanite  fwint  of  the  obje<.'t  are  brought  again  to  a  point.  We 
may  therefore  wnsider  boili  the  object  and  tlic  image  as  com- 
poBe<l  of  an  infinite  number  of  points,  and  vvimt  is  true  of  one 
object-jwint  and  of  its  corresponding  image-point  is  true  of  all. 

If  tlic  position  of  the  object-point — that  is,  its  distunce  from  a 
convex  lens— bu  given,  llie  i>ositio[i  of  the  image-point  d(*fK!n*ls 
upon  the  focal  length  of  the  lens,  or  in  other  wortis,  upon  the 
distanre  at  wliirh  parallel  rays  are  brought  together.  The  less 
this  distaiu-e,  the  greater  is  the  rei'ructive  [Kiwer  of  the  lens. 
Focal  length  and  refractive  power  are  therefore  in  inverse  pro- 
|K)rtIon.  If  one  lens  has,  for  instance,  a  focal  length  of  1  inch, 
while  another  lens  has  one  of  2  ineheSj  and  a  third  one  of  3 
inches,  then  the  refractive  power  of  these  lenses  is  as  1 :  J :  J.  We 
tliorefurc  express  the  optical  value  of  a  lens  by  a  fraction  whose 
numerator  is  1  and  whose  denominator  is  the  focal  length  oi'  the 
lens.  The  optical  value  of  a  lens  <tf  ten  inches  ftx-ail  length  is 
thus  expressed  by  ■^.  This  is  ten  times  less  than  tliat  of  a  lens 
of  one  inch  focal  length.  In  expressing  the  power  of  lenses  any 
otJier  unit  of  measure  rnay  of  course  be  taken  as  well  a»  the  inch. 

If /in  Fig.  1  be  the  image-point  l>elonging  to  an  object-|Mjint 
infinitely  dist:mt,  the  point  of  union  for  punillel  rays — that  is, 
the  princiiml  focus  of  the  convex  lens — lies  at/.  The  optical  vabie 
of  the  lens  would  therefore  be  expresse<l  by  ^. 


REPHAcrrroK. 

From  the  nln^ve  it  follows  that  a  (samera  obsoura,  in  orclor  to 
form  itnajres  of  distant  objects,  must  be  so  ronstriictecl  that  the 
focus  of  the  convex  lens  falls  exactly  ujiou  the  ground -glass  plate; 
and  conversely  a  camem  obscura  whose  screen  liee  in  the  focus  of 
the  convex  lens  can  give  sharp  images  of  only  such  objects  as  lie 
practically  at  an  infinite  distance  fnun  the  lens.  Precisely  these 
optical  conditions  exist  in  the  emmetropic  eye;  when  its  accom- 
modntinn  if  wholly  relaxed  the  retina  lies  exactly  iu  the  principal 
£x:U8  of  tlie  dioptric  apparatus. 

Fio.  1- 


Tf  the  object-point  is  not  at  an  infinite  distance  the  image- 
pt)int  will  not  coincide  with  tjje  principal  focus,  but  its  position 
will  be  determined,  as  has  already  Ix^ou  menti<»ned,  by  the  dis- 
tance of  the  object-point  and  by  the  focal  leugth  oC  the  cx)nvox 
leQ&, 

It  is  evident  from  Fig.  1  that  rays  of  light  which  proceed  from 
/are  so  refracted  in  the  lens  that  they  will  be  focused  at  an  infi- 
nite distance  beyoml  it,  or  what  is  tliesame  thing,  and  is  expressed 
by  the  dotted  lines,  they  Uike  a  direction  as  if  tlicy  had  priKticded 
from  a  point  at  an  infinite  distance  in  front  of  the  lens. 

The  farther  the  object-point  is  reuKtved  from  the  tensi  the  nearer 
the  image-point  approaches  it,  until  linally,  upiui  iiiHnite  renmva! 
of  liie  object-point,  the  image-point  coincidea  with  tlie  principal 
focus.  Thus  rays  of  light  which  diverge  fr<»m  a  point  more  dis- 
tant than  the  principal  fix-us,  become  convergent  after  passing 
I  thmugh  tJie  lens  and  intersect  each  other  in  an  image-point  whose 
distance  is  likewise  greater  than  that  of  the  focus. 

Lei/,  in  Fig  2,  be  the  focus  of  the  convex  lens,  a  tlie  luminous 
point,  and  oc  tiie  image-(H)int,  then  an  inverted,  diminishe<i  image 
of  an  object  lying  at  a  will  be  ftirmed  at  cc,  while  if  the  rays 
diverge  from  oc  their  union  takes  place  iu  a,  and  an  inverte<l, 
enlarged  image  of  a  would  there  be  forme<i.  The  distances  of 
a  and  oc  are  thus  conjugate  focal  distances,  each  of  which,  just 
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as  in  the  case  of  the  principal  focal  distance,  is  expressed  by  a  frac- 
tion whose  numerator  is  one,  and  whose  denominator  is  the  distance 
of  the  points  a  and  a  respectively  from  the  centre  of  the  lens.  The 
optical  significance  of  the  object-point  is  expressed  by  -Jt,  that  of 
the  image-point  by  i.  We  obtain  in  this  way  three  optical  values, 
whose  relation  to  each  other  is  expressed  by  the  formula -^  +  i=^- 
By  this  formula,  when  two  values  are  given,  we  obtain  the  third. 

Fig.  2. 


If  we  have,  for  instance,  a  camera  obscura  with  a  lens  of  4 
inches  focal  length,  while  the  screen  lies  not  at  the  principal  focus 
of  the  lens,  but  at  5  inches  from  the  centre  of  the  lens,  we  have 
given  the  values  of /—?.<?.,  the  principal  focal  length — and  oc, — 
?.€.,  the  distance  at  which  the  image  is  to  be  thrown.  The  for- 
mula J^-f-J^  =3-  becomes  ^  +  ^  =  i,  that  is,  ^^^.  The  object 
must  therefore  be  at  a  distance  of  20  inches  in  order  to  aist  its 
image  on  the  screen,  or  in  other  words,  the  camera  obscura  is 
adjusted  for  a  distance  of  20  inches. 

So  it  is  with  the  eye  which  Is  adjusted  for  a  determinate  finite 
distance,  either  by  the  action  of  its  accommodation  or  by  its  optical 
structure.     The  latter  is  the  case  in  the  short-sighted  eye. 

The  third  passibility  is,  that  the  screen  of  the  camera  obscura 
may  lie  within  the  focal  distance  of  the  lens.  For  what  distance 
is  the  instrument  now  adjusted?  where  must  the  object  be  placed 
to  cast  its  image  on  the  screen  ? 

AVe  have  seen  that  objects  at  a  finite  distance  cast  their  images 
beyond  the  princ.ii)al  focus.  The  further  the  object  is  removed 
the  nearer  its  image  ap])roachcs  the  principal  focus,  and  finally, 
when  the  object  is  at  an  infinite  distance,  its  image  is  formed  ex- 
actly at  the  princiiml  focus  of  the  lens.  An  object  cannot  be  at 
a  greater  than  an  infinite  distance ;  therefore  a  camera  ol>scura, 
whose  screen  lies  within  the  focal  distance,  can  exhibit  no  distinct 
pictures.    Since  this  condition  actually  exists  in  the  hypermetropic 
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eye,  wo  most  examine  it  more  closely,  and  apply  to  it  the  formula 
for  conjugate  foci, 

Fio.  3. 


^^^ .^-j --"-^~?>-3=C^^2=^* 


If.  for  instance,  the  convex  lens  in  Fig.  3  have  a  focal  lengtli  of 
3  inches,  then  }^^',  and  if  the  scr«;n  be  2  inches  from  the  lens, 
then  i  =  J,  and  we  have  from  tlie  formula 

J  -f-  i=|,  or  i^^  J  —  J=  —  jf.  The  riegativo  sign  shows 
that  ra}"*  of  lijihi  wliich  |)roceed  from  a,  after  refraction  in  the 
convex  lens,  diverge  as  if  they  had  i)roceciled  from  a ;  oc  is  the 
iraage-i>oint  of  «;  but  since  the  ravH  do  not  acMially  intersect  at 
oCy  but  only  diverge  as  if  they  had  proceeded  froru  it,  the  image 
at  oc  h  called  a  virtual  image. 

It  follou's  further  that  when  we  can  give  to  rays  proceeding 
from  any  given  point  a  direction  such  that  tliey  converge  toward 
the  point  oc,  they  will  after  refractiou  in  the  oouvex  lens  form  an 
optical  image  at  the  point  a.  Under  these  conditions  a  distinct 
image  will  be  formed  in  s])ite  of  tli*?  faulty  cotistructiou  of  the 
camera  obscura ;  these  eouditious  must  be  fuliilled  in  the  ease  of 
the  hypermetropic  eye. 

EMMETliOPIA. 

Ai-oording  to  the  foregoing  the  optical  construction  of  the  em- 
metropic eye  is  such  that  with  alisolute  relaxation  of  iHfromtnmla- 

ition  it  is  adjusted  for  far*disUuu  objects,  and  throws  distinct  retiuat 
imager  of  tliem.  The  ability  to  see  near  objects  distinctly  depends 
Upon  the  aocommodation. 

The  limits  of  accommmlation  are  called  rts|>ective!y  tlie  far  and 
tlie  near  point.  The  position  of  the  far  point  deiKMids  upon  the 
condition  of  refraction.  It  is  the  most  distant  luminous  point 
irhofic  rays  can  still  be  united  in  an  image  upon  the  retina.     As- 

Fsumiug  the  acoommodatjon  to  be  relaxedj  the  far  point  of  ilie  em- 
metropic eye  lies  at  an  inHnite  distance,  since  light  which  proceeds 
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from  an  infinitely  distant  jx)Int  falls  ujTOn  the  cornea  in  parallel 
niys.  Every  contmctiou  of  the  muscle  of  aocommothitiou  causes 
the  eye  to  be  adjusted  upon  some  nearer  point.  The  nearest  point 
a\xtn  which,  with  the  fidl  power  of  accommodatiou,  the  eye  can  be 
atljusletl  is  calletl  the  near  point. 

Dondoffl,  has  nhown  that  a  distinction  is  to  be  made  between 
an  absolute  and  a  bimx^nlar  near  ]>oint.  The  binocular  near  point 
is  the  nearest  iMjint  upon  which  the  aceommodntion,  with  simul- 
taneous convei'gence  of  the  visual  axes, — that  is,  with  bitiueular 
vision, — can  bedirected.  The  absolute  near  point  shows  the  maxi- 
mum power  of  accomraotlatioii.  But  this  greatest  possible  action 
of  aeoommodation  by  which  the  eye  is  adjusted  for  the  absolute 
near  point  can  be  accomplished  only  with  a  relatively  too  strong 
ctjnvcrgeufH?  of  the  visual  axes, — that  is,  with  monocular  fixation. 

These  relations  existing  between  the  convergence  of  the  visual 
axes  and  the  action  of  accommodation  were  first  fully  appreciated 
by  Dondei-s,  and  l>y  hiui  explaincnl.  For  the  emmetropic  eye,  he 
showed  that  in  general  the  accommodation  is  adjusteil  for  that 
point  in  wliich  the  visual  axes  intersect  each  other;  and  oon- 
versely,  in  ortlinarj'  use  under  normal  conditions,  the  visual  axes 
converge  towarti  the  point  for  whicli  the  eye  as  an  optical  in- 
strument is  adjuste<l.  Nevertheless  there  does  not  exist,  as  was 
formerly  thought,  a  oousttint  rehittou  between  the  convergence  of 
the  visual  axes  and  the  degrtse  of  ac<!omm(xlation.  With  one  and 
the  same  degree  of  accommodation,  there  may  be  a  greater  or  leas 
convergence  of  the  visual  axes;  and  conversely,  with  an  unchanged 
angle  of  convergence,  the  degree  of  accommodation  can  be  either 
increased  or  diminished.  We  call  this  space  through  which  the 
accommodation  can  be  effected  without  change  in  the  direction  of 
the  visual  axes  the  relative  range  of  aocommodatiou.  W^ith  an 
UQclianged  angle  of  convergence  of  the  visual  axes,  the  accommo- 
dation can  adjust  the  eye  for  the  relative  near  point,  and  relax  it 
for  the  relative  far  point. 

Bonders  has  not  only  given  the  proof  of  the  existence  of  rela- 
tive aoeommo<intion,  but  has  also  accurately  determined  the  posi- 
tion of  tiie  relative  range  of  accommodation^  and  of  the  relative 
near  and  far  ])oints  for  every  given  convergence  of  the  visual  axes. 

With  the  help  of  prisms  we  are  able,  with  unchanged  tension 
of  aocommodatiou,  to  alter  the  convergence  of  the  visual  axes. 


RELATIVE   IMNGE  OF  ACCOMMODATION. 
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^^^^        ir  in  Fig.  -4  Iwtli  eyes  are  fixed  n]>on  and  see  tlistinct!y  the 
^M        point  a,  a  distiucl  retinal  imago  will  be  Ibrinod  in  botli  eyes  upou 


tlie  maeula  lutea  at  m.  Now,  if  we  place  before  the  eyes  prisms 
with  their  refracting  angles  turned  ontwani,  the  rayj*  prooee<ling 
from  a  will  be  refracted  towards  m',  and  the  point  a  will  he  seen 
dnnblc.  Binoonlnr  single  vi-sion  will,  however,  l)e  soon  re-tstab- 
liiilietl  by  a  lateral  turning  of  the  cornea,  the  niaeula  lutea  Ixjing 
moveil  from  m  to  m\  Tiie  deviation  canned  by  the  prisms  will 
be  balanced  by  a  compensating  deviation  of  the  visual  axes,  and 
it  iu  easy  to  determine  within  what  limits  tlii.s  is  possible.  Con- 
verecly,  by  the  ase  of  prinnis  witli  their  luisty  tnrneii  outward,  the 
visual  axes  may  be  cause<l  to  intersect  at  a  point  lying  nearer  to 
the  eye  than  a,  while  the  accooimodatiou  remains  adjusted  for 
tlmt  point. 

The  results  appear  even  more  striking  in  the  metho*l  usually 
employed  by  Donders,  which  determines  the  HmiLs  of  acciuumoda- 
tionr,  while  the  convergence  of  the  visual  axes  remains  unchanged. 

Ifj  for  injstance,  the  object-poiiit  a  in  Fig.  5  is  at  a  difitaucc 

Fio.  6. 


of  12  inches  from  the  eyes,  it  can  be  determined,  while  tlie 
visual  angle  remains  tlie  same,  with  wliat  concave  and  convex 
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lenses  the  object  may  slill  he  distinctl)*  seen.  If,  for  instance, 
concave  12  is  the  stronjrest  concave  glass  with  which  binocular 
vision  at  a  <listance  of  12  Inches  is  still  possible,  it  can  fa-ily 
Ik"  calculated  upon  what  distance  the  afwmmoHation  must  be 
adjiiated.  We  employ  again  the  formula  ^  -f  i^  i:fi  '"  wlilrh 
a  expresses  the  distance  of  the  luminous  point,  oc  the  distance  of 
the  image,  and/tlie  focal  distance  of  the  concave  or  convex  lens. 
The  value  of/  is  negative  when  the  focal  distance  is  a  virtual 
one,  as  in  tlie  caw:^  of  c»)ncave  glasses.  Upon  our  supjx>sition  tliat 
a=  12and/=  12,  the  formula  ^-fJf  =3 — ^becomes  ^-f^^  —  -j^, 
or  i^ — J.  The  virtual  image  of  a  lies  at  oc,  6  inches  from  the 
lens, — that  is,  after  their  refniction  in  tlie  concave  lens  the  rays 
diverge  as  if  they  bad  jiroceeded  from  the  point  oc,  6  inches  in 
front  of  the  lens.  The  accommodation  must  be  adjusted  for  this 
distance  in  onlpr  to  see  dintinctly  the  image  at  oc,  while  tbi?  visual 
axes  still  intersect  at  the  point  a.  That  is  to  say,  if  in  our  experi- 
ment tlie  visual  axes  c:onvcrge  toward  a  [Hiint  12  inclus  distant, 
and  — T^  is  ^^^  strongest  concave  lens  with  which  the  fixation- 
object  can  still  be  distinctly  seen,  it  follows  that  with  the  same 
convergence  of  the  visual  axes  the  accommodation  (s»n  still  be 
adjusted  ou  a  much  nearer  point.  We  find  for  this  ease  the  rela- 
tive near  ptiint  to  lie  (i  incliiw  in  fi*ont  of  the  eonwive  lensj  or 
supposing  the  distance  bet\veen  the  lens  and  the  optical  centre  of 
the  eye  to  be  |  inch,  the  relative  near  point  lic&  6}  inches  distant 
from  the  latter. 

We  can  determine  in  the  same  manner  and  with  the  same  de- 
gree of  convergence  the  strongest  convex  glass  with  which  the 
point  a  can  stdl  lie  distinctly  seen.  In  this  cjise  the  awronunoda- 
Uon  must,  of  course,  be  relaxed  and  adjusted  for  rays  of  less  di- 
vergence, or  no  distinct  retinal  image  can  Ix'  formed.  If  wc  find 
that  while  maiulainiug  the  convergence  of  the  visual  axes  U|x>n 
a  distance  of  12  inches,  convex  16  is  the  strongest  convex  lens 
with  which  the  fixwl  jwiint  can  still  be  distinctly  seen,  we  can,  by 
the  help  of  the  same  formula,  calculate  the  distance  of  the  jxunt 
upon  which,  during  thtt  experiment,  the  accommodation  must  be 
adjusted.  The  formula  i-(-i^/  Ijecomes  ^  +  i^iV  ^^  i^ 
—  ^;  that  is,  the  virtual  image-|K>int  of  the  fixed  point  a  lies  48 
inches  from  the  convex  lens,  ur  the  ray.-*  of  light  pnxjeeding  from 
a  <liverge  after  their  refraction  by  the  convex  lene  as  if  they  had 
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proreeiletl  from  a  [loint  48  incliea  on  the  other  aide.  In  order  to 
see  a  dUtmct  ami  single  irria^e  of  the  jM>int  n,  the  eye's  must  have 
adjusted  themselves  to  such  divel^in^;  ravs  without  elmiifriug  the 
convergence  of  their  viiiiual  axes.  We  find,  then,  in  this  case, 
%vith  the  visual  axes  converpn^  upon  ii  point  12  inches  distant, 
a  relative  near  point  6  inches  and  a  relative  far  point  48  inches 
from  the  eye.  Now^  since  the  ordinniy  adjustment  of  aooommo- 
dation  ib  upon  the  point  of  intersection  of  the  visual  axes,  the 
range  of  relative  aocommo<lation  is  divided  into  two  parts, — the 
one  within,  the  otlier  beyond,  that  point  of  intcryection.  Tliat 
part  of  the  relative  range  of  accommodation  which  lies  betweeu 
the  tixati  on -point  and  the  relative  far  point  is  called  the  nega- 
tive part,  Ijecmise,  under  ordinary  circumstances,  it  is  already  used 
in  accommodating  u|wn  the  binocular  fixation-point.  The  other 
part,  extending  from  the  jwiiit  of  rutcrsection  of  the  visual  axes 
to  the  relative  near  ]>oint,  is  called  the  positive  part  of  the  rela- 
tive range  of  aocommodationj  Ijecause,  with  the  given  degree  of 
aoromnuxlation,  it  is  not  yet  bnniirlit  into  use.  It  represents  the 
unemployed  power  of  aceommcxialion.  The  results  of  a  com- 
plete series  of  experiments  made  by  Donders  upon  this  subject 
may  be  state*!  ns  folfows: 

(1)  With  parallel  visual  axes  the  emmetropic  eye  is  adjusted 
upoii  its  far  |>oint.  Its  uocomraodation  is  fully  relaxed.  There 
can  be  no  further  relaxation,  but  there  can  be  tension  of  the  ac- 
commodation. All  cniractropes  having  a  good  range  of  accom- 
modation can  see  distinctly  at  a  distance  through  concave  glaKsts. 
Ill  such  cai^e!^^  in  spile  of  the  parallelism  of  the  visual  axes,  the 
aeconunodation  must  be  adjustwl  U[ioti  the  negative  focal  points 
of  the  concave  lenses.  Youthful  individuals  with  a  normal 
range  of  accommodation  have,  with  parallel  visual  axes,  an  at- 
taitmble  relative  near  point  at  about  12  inches  from  the  eye. 
With  |»arallel  visual  axes,  the  relative  range  of  aocommodatiou 
19  wholly  positive ;  that  is,  a  stronger  tension  but  no  further  relax- 
ation is  |>osi-ible. 

(2)  With  convergence  for  the  binocular  near  point  no  further 
tension,  but  only  a  relaxation  of  the  aocommmlation,  is  powtible ; 
that  is,  the  relative  range  of  aocommo«lation  is  wholly  netrative. 

(3)  With  a  (legrce  of  <x)nvergencc  for  intermediate  |Miints,  say 
Bt  from  8  to  24  inclies,  aa  iu  ordinary  work,  the  positive  part  of 
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tlie  relative  range  of  accommodation  is  greater  than  the  negative 
part;  that  is,  with  tliin  (Icgroe  of  convergence  only  the  smaller 
part  of  the  whole  available  accoinmodutioii  is  cmployeil. 

Bonders  has  presented  these  results  diagrammatiwiUy,  The 
principle  of  this  diagrammatic  repreiientation  is,  that  the  distance 
between  two  horizontal  hues  represents  u  delinite  result  of  aooom- 
modation,  which  is  assumed  as  the  unit  of  measure.  As  this  unit, 
7j^  is  cluwcn, — -that  is,  a  result  of  aw-ominmlation  cijuivaleut  to  the 
action  of  a  convex  lens  of  24  inchen  focal  illstanee.  \Ve  begin  now, 
in  Fig.  6,  with  the  lowest  hue,  marked  oo,  which  represents  the  eyes 

7io.  6. 
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as  atljusted  for  parallel  rays.  The  secoml  horizontal  line,  marked 
24,  represents  an  increase  of  accommodation  by  5^,  or  tlic  adjust- 
ment of  the  eyeti  for  a  distance  of  24  im-hes.  The  third  horJKon- 
tal  line,  marked  12,  represents  an  increjLse  of  accommodation  by 
twice  ^  ;  the  third  line,  marked  8,  by  three  times  ^ :  and  so  on. 
The  diagonal  line,  A'  A*',  represents  the  ctjiivergence  of  the  visual 
axes.  The  numbers  in  the  column  on  tlie  lefl  express  in  inches 
tlie  distance  of  the  object.  The  nnnibors  I>elow  tlie  diagram 
express  the  angle  of  convergence.  The  distance  between  the  eyes 
is  assumed  to  be  64  millimetres. 
The  |>osition  of  the  relative  near  point  for  every  given  angle 
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of  couvergeiice  is  shown  by  the  line  p^  p*  p,  and  the  position  of 
the  corresponding  far  point  by  the  line  r  r".  The  points  marked 
on  these  lines  were  found  by  direct  experiment. 

The  diagram  shows  that  the  eye,  whose  relative  aooommodatiou 
it  ilhistratcH  with  parallel  visual  axes,  has  itH  relative  near  point 
at  a  distance  oi'  11  inelies:  witJi  an  an^le  of  convei'gence  of 
22°  50'  the  relative  range  of  accommodation  lies  l)etween  a  dis- 
tance of  12  inches  and  about  4.5  inches  from  the  eye.  The 
binocular  near  point  lies  at  j>*,  where  the  near-point  line  inter- 
sects the  diagonal  K  K'.  If  the  convergence  of  the  visual  axes 
increases  still  more,  for  instance,  to  46°  38',  the  line  p^  p  remains 
below  the  diagonal  A"  A''  ;  that  is,  the  tension  of  accommodation 
remains  l)ehind  the  |)oint  of  convergence  of  the  visual  axes ;  if 
this  point  Is  3  inches  from  the  eye,  the  uc^ximmodatiou  is  adjusted 
npon  a  point  3.8  inches  distant.  The  absolute  near  jwint  p  lies 
somewhat  nearer,  at  3,7  tnehes.  It  can,  however,  l>e  reaclie<l  only 
with  an  angle  of  convergence  of  about  70°,  when  the  visual  axes 
will  intersect  at  a  distance  of  abnut  '2  inches.  At  this  maximal 
tension  the  range  of  accomnnxlation  ends ;  the  lines  p^  j/,  and 
r  r\  end  here  in  one  and  the  same  |K)int. 

The  changes  which  can  be  oWrved  in  the  eye  during  aooom- 
modatiou are  the  tol lowing: 

(1)  The  pupil  contracts  in  aooommodation  for  near  objects;  it 
dilates  for  dit^tant  vision. 

(2)  The  margin  of  tlie  iris  and  the  centre  of  the  anterior  sur- 
face of  the  lens  move  forward  in  aotwmniwlatiiig  for  near-objects; 
simultaneously  the  jwripheral  [mrt  of  llie  iris  sinks  back,  as  must 
neces&xrily  Im?  the  case,  since  the  volume  of  the  aqueous  humor 
remains  unchanged. 

(3)  The  anterior  surface  of  the  lens  l)eoomc8  more  eurve<l  in 
near,  and  flattejis  again  in  distant,  vision.  This  phenomenon, 
evidently  the  most  important  connected  widi  act^ominodation,  may 
be  directly  observed  by  studying  the  images  'I'eflected  from  the 
anterior  and  posterior  surfaces  of  the  lens.  In  accommodating  for 
near  objects  the  image  reHecte*!  iVoiu  the  anterior  surface  of  the 
lens  l>ecomes  smaller,  a  proof  that  the  surface  becomes  more 
curvwl ;  itp  |»osition,  t<x>,  i;*  ehaiigc<l,  whieh  is  explained  by  the 
moving  forward  of  the  reflecting  surface. 

(4)  The  image  reflected  from  the  posterior  surface  of  the  lens 
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also  diminishes  in  aocommodating  for  near  objects,  from  which  it 
may  be  concluded  that  during  this  act  that  surface  also  becomes 
more  curved ;  a  simultaneous  change  in  the  position  of  this  surface 
does  not  seem  to  occur.*  Hensen  and  Volckers  found,  on  the 
contrary,  in  the  case  of  dogs,  that  the  posterior  surface  of  the  lens 
moved  backward. 

Observations  in  cases  of  iridectomy  and  of  albinos  with  trans- 
parent iridesf  have  shown  beyond  doubt  that  there  always  exists 
between  the  ciliary  processes  and  the  equator  of  the  lens  a  free 
space,  in  which  the  zonula  is  stretched.  It  is  certain  that  the 
ciliary  muscle  in  contracting  does  not  compress  the  equator  of  the 
lens.  The  phenomena  to  be  observed  after  iridectomy,  in  the 
region  of  the  ciliary  processes,  the  zonula,  and  the  equator  of  J;he 
lens,  have  been  thoroughly  investigated  by  Coccius.|  He  estab- 
lished the  fact  that  in  accommodating  for  near  objects  the  points 
of  the  ciliary  processes  move  so  far  forward  toward  the  iris  that 
the  processes  themselves  form  an  acute  angle  with  the  axis  of  the 
eye.  The. circle  formetl  by  the  ciliarj^  processes  become  smaller. 
Coccius  saw  simultaneously  a  swelling  of  the  ciliary  processes 
and,  in  agreement  with  Becker,  a  widening  of  the  zonular  space; 
according  to  Coccias,  also,  the  movement  of  the  margin  of  the 
lens  toward  its  centre  during  accommodation  may  be  directly 
observed. 

Hensen  and  Volckers§  demonstrated  in  the  case  of  dogs  a  for- 
ward movement  of  the  choroidea,  simultaneous  with  the  contrac- 
tion of  the  ciliary  muscle.  Adamiukj]  confirmed  this,  but  does 
not  think  it  true  of  man,  whose  ciliary  muscle  has  a  different 
structure  from  that  of  the  dog.  From  the  accommodation  phos- 
phenes,  described  by  himself,  Czermak^f  argues  that  there  is  a 
tension  of  the  retina  during  accommodation. 

At  all  events,  the  processes  to  be  observed  within  tlie  lens  play 
the  most  imjjortant  r6le  in  accommodation,  and   there  is  every 

*  ndmhoUz,  Physiologisehe  Optik,  §  12.  ■ 

f  Becker,  "Wiener  medicinische  Jahrbucher,  1868  u.  1864. 
X  Der  Mechanismus  der  Accommodation,  Leipzig,  1868. 
^  Hensen  und  Volckori;  Ubcr  den  Hechanismus  der  Accommodation,  Kiel, 
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renson  to  believe  that  they  fully  e-xplaiii  all  the  changes  of  optical 
a4iu$tnient.  It  only  remains  to  show  more  exactly  how  the 
changes  in  the  leufl  arc  c:ui8e<l. 

We  start  from  the  assumption  that  with  perfect  relaxation  of 
accomniochition  tlie  eye  is  ailjiLste<l  for  its  far  point,  antl  that  with 
ejich  cllort  of  uecommodatiou  it  is  atlju^ted  for  stune  less  distant 
point.  The  simple  suspcntiiou  of  acc^ommtidation  canses  a  return 
to  the  optical  adjustment  for  the  fur  jwint.  The  truth  of  this  stip- 
pi>Hition  is  est:ilflished  by  tlie  fact  tliat  the  eye  may  be  adjustcit  for 
its  far  point  artificially,  by  the  use  of  atropine,  or  patbologiciilly, 
by  the  paralysis  of  ucotjuimrxlatlon. 

The  phenomenon  of  accommodation  is  reduced  accordingly  to 
an  antagonism  between  the  elastic  strength  of  the  lens  on  the  one 
side  and  tlie  /.onula  on  tJie  otlier,  which  Ls  excited  by  the  acrtion 
of  the  ciliary  muscle.  The  lens  from  its  elasticity  has  a  tendency 
to  approach  n  sphericrul  shape ;  liclmholtx,*  who  first  announced 
this  fact,  also  found  that  with  absnhite  relaxation  of  awominoda- 
tion  for  distant  vision,  the  thickness  of  the  lens  is  less  than  it  is 
after  death. 

The  zonula,  wliieh  is  stretched  l>elween  tlio  ciliary  processes  and 
the  ixjuator  of  the  lens  and  is  attaciied  to  both,  temls  by  reason 
of  its  ehi-^ticity  to  flatten  the  lens.  So  soon  as  the  zonula  is  re- 
laxeij  the  lens  will  follow  its  own  elastic  tendency*  and  will  assume 
n  greater  ctmvexity. 

It  may  with  tlie  greatest  pi-ohability  be  assumed  that  both  the 
radiating  and  the  circular  fibres  of  the  ciliary  muscle  act  simul- 
tjineously  to  i-elax  the  zonula.  The  ehistieity  of  the  lens  then 
comes  in  play,  and  the  above-deatriljwl  changes  in  its  form  occur; 
ii[>on  tile  <*<w«ition  of  muscular  contraction  the  elastic  tension  of 
the  zonula  actjuires  the  ascendency,  and  then  occurs  that  flattening 
of  the  lens  which  corresponds  U>  the  condition  of  relaxed  aocora- 
modation. 

OPTICAL   DETRKMINATIUN    OF    THE    KAKGE  OP  ACCOMMO- 

DATIOK, 

It  is  advantageous  in  i)i*actice  to  possess  a  uniform  standard  of 
measure  for  the  power  of  accommodation,  in  order  to  compare  the 
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results  of  examinations  in  different  individuals,  or  in  the  same 
individual  under  different  circumstances.  Bonders  provided  this 
standard  in  a  very  simple  way  by  comparing  the  result  of  accom- 
modation to  the  optical  value  of  a  convex  lens,  which,  if  placed 
before  the  relaxed  eye,  would  have  accomplished  the  same  as  the 
accommodation  does. 

Let  the  lens  X,  in  Fig.  7,  be  such  that  parallel  rays  striking  its 
surface  are  focused  at  /.  A  screen  at  /  would  show  distinct  pic- 
tures of  distant  objects,  just  as  a  landscape  camera  obecura  does. 

Fig.  7. 


If  now  the  instrument  be  adjusted  for  some  nearer  point  upon  the 
axis,  say  at  p,  then,  according  to  the  rule,  the  distance  between  L 
and  /  would  be  increased ;  if,  however,  this  distance  cannot  be 
changed,  there  is  still  a  means  by  which  a  distinct  image  oi  p  can 
be  cast  at  /;  for  this  purpose  it  is  only  necessary  to  combine  with 
the  lens  L  an  auxiliary  meniscus,  X',  which  has  such  a  focal  length 
that  rays  proceeding  i'rom  pj  after  their  refraction  in  X',  become 
parallel ;  they  then  fall  parallel  upon  X,  and,  according  to  tlie 
original  supposition,  are  focused  at  /;  now  if,  for  instance,  the 
distance  from  the  point  ^  to  X'  is  4  inches,  then  the  convex  me- 
niscus must  evidently  have  a  focal  length  of  4  inches ;  its  optical 
value  would  be  expressed  by  +  \,  The  same  principles  can  be 
applied  to  the  eye.  If  before  an  emmetropic  eye  with  relaxed 
accommodation  we  place  a  convex  meniscus  of  +  J,  the  eye  is 
thus  adjusted  for  a  distance  equal  to  the  focal  length  of  this  lens, 
that  is,  4  inches.  If  the  near  point  of  an  emmetropic  eye  is  4 
inches  distant,  then  the  accommodation  does  for  this  eye  just  what 
was  done  by  the  convex  meniscus  for  the  relaxed  eye.  If  we 
represent  the  accommodation  by  the  letter  A,  we  have  as  the 
measure  of  the  accommodation  of  an  eye  whose  far  point  is  at  an 
infinite  distance,  and  whose  near  point  is  at  4  inches,  the  expres- 
sion i=i.  The  optical  value  of  the  accommodation  is  thus  best 
expressed  by  the  principal  focal  distance  of  that  convex  lens 
wliich,  added  to  the  condition  of  refraction  in  the  eye,  would  com- 
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plete  an  apparatus  mljiistetl  for  the  nearest  point  upon  which  the 
cyo  oould  have  been  aiijustwl  by  it-5  own  physiolt»j;icaI  power. 

The  near  point/)  corresponds  always  to  the  optical  adjnstment 
of  the  eye  when  to  its  anatomical  condition  of  refraction  (deter- 
mined by  the  position  of  the  far  point  r)  tlie  result  of  nccommo- 
datiou  is  added.  Exj)resse<.l  in  an  optical  formula  we  iiave  ^  -\-  ^ 
= J, — that  is,  refraction  plus  accommodation  gives  the  near  point. 
An  imraofliate  deduction  from  this  is  the  expression  i=i~-^, — 


that  is,  when  we  know  the  |>oi^itions  of  tlic  far  and  near  pointd 
we  can  calculate  the  range  of  aocommodation.  The  value  wliieh 
we  obtain  assumes  the  form  of  a  fniotion  whose  numerat/)r  in  1 
aud  whose  denominator  expresses  in  inches  tlic  prinei|>al  i'ocal 
length  of  that  convex  lens  whicli  placed  in  front  of  the  relaxed 
eye  would  have  ace^jmplished  the  same  as  the  accommodation. 

The  same  method  of  mathematical  expression  is  employed  for 
the  relative  range  of  aci'onitntMlation,  which  is  generallv  denoted 
by  A'. 

We  found,  for  example  fpage  18),  with  a  couvcrj^cncc  upon  a 
{loint  12  inches  distant,  that  the  relative  far  point  lay  at  48 
inches,  and  the  relative  near  point  at  6  inches';  from  this  we  can 
calculate  the  value  of  the  relative  ninge  of  acconmiodatimi,  j^= 
J  — ^^g"-^.  The  negative  part  of  the  relative  range  of  accom- 
modation ifi  in  this  case  -j^,  the  positive  ^. 

PRESBYOPIA. 

Having  thus  obtained  a  common  mcnsnre  for  the  range  of  ac- 
commmlalion  in  ditferent  individuals,  Donders  further  .showed 
that  the  extent  of  the  range  of  accominodatiuu  depends  upon  the 
age  of  the  individual.  With  the  increase  of  years  the  near  point 
moves  gradually  from  the  eye,  and  the  range  of  accommodation 
13  thereby  reducetl.  Two  possibilities  suggested  iheniselves  by 
which  to  explain  this  phenomenon  :  either  the  power  of  the  mus- 
vie  of  accommodation  must  weaken,  or  there  mtast  be  changes  in 
the  elasticity  of  the  lens.  The  cireurastaaoc  that  the  range  of  ac- 
commodation is  alretuly  noticeably  diminished  at  a  time  when  the 
strength  of  all  other  parts  of  the  muscular  system  is  unimpaired 
must  bani.'-h  the  idea  of  a  prematun?  loss  of  power  in  the  muscle 
of  accommodation;  on  tlie  other  hand,  liowever,  there  are  all- 
sufficient  proofs  of  changes  in  the  lens  dependent  u}K)u  age. 
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It  IB  known  tliat  the  lens  becomes  harder  with  age.  From  the 
invostigiitions  of  F.  J.  v.  Bet-ker,*  this  hardening  begins  at  a  very 
early  nge,  nffbcting  first  the  mioleiis  of  the  leos  and  spreading  to 
the  periphery.  At  a  later  age  thi^  hardening  may  be  plainly 
rec't)gtiize<l  by  the  ^^tronge^  refliKtion  of  light  ofjservablc  upon 
focal  illumiuulion  of  the  lens.  It  h  fair  to  assume  that  with  llie 
change  in  the  index  of  refraction  there  occurs  also  a  change  in 
the  ehtsticity  of  the  lens,  so  that  it  gradually  loses  the  power  to 
resiJond  to  the  oontmelion  of  llie  ciliary  muscle  by  increasing  the 
convexity  of  its  curved  surlac'ie*'. 

The  gradual  withdrawal  of  tlie  near  point  causes  at  first  no  in- 
convenience. According  to  Douders,  the  average  diiatance  of  the 
near  ptiint  in  the  emmetropic  eye  at  20  years  of  age  U  3J^  inches, 
at  33  years  about  6  inches :  and  it  is  very  seldom  that  tliere  is 
occasion  to  use  the  eyes  upon  objects  so  near.  Wiien  the  near 
|x»int  recedes  to  15  incties  ornu)re,  inconvenience  is  fell  in  all  oc- 
cupations which  require  distinct  visioD  of  near  objects,  such  as 
reading,  sewing,  etc.  If  thi;  objects  arc  placwl  within  the  region 
of  distinct  vision, — that  is,  beyond  the  near  point, — the  retinal 
images  become  too  small  to  admit  of  continuous  vision ;  upon 
bringing  the  objects  witldn  Uic  noar  point  the  retinal  images  be- 
come larger,  but  at  the  same  time  are  rendered  indistinct  by  cir- 
cles of  diffuf^ion.  This  indistinctness  of  the  retinal  images  is  less 
tiian  it  otherwise  would  be  from  the  fact  that  simultaneously  with 
the  limitation  of  accommodation  the  pupil  becomes  smaller  and 
the  circles  of  diffusion  are  correspondingly  <lecreaseil.  Presbyopes 
seek,  therefore,  in  every  occn|Kition  the  greatest  ]K>ssible  amount 
of  light ;  in  the  evening,  for.  iustauce,  when  reading,  they  will 
hold  tlic  light  between  tiie  btxik  and  their  eyes  in  order  by  strong 
illumination  to  reduce  as  much  as  possible  the  size  of  the  pupil. 

The  senile  clianges  in  the  lens  cause  not  only  a  withdrawal  of 
the  near  point,  but  may  affect  the  far  point  in  tiie  same  way.  The 
lens  is  kntiwn  to  wmsist  of  a  great  number  of  layers,  wliose  in- 
dices of  refraction  iucix'asc  from  the  periphery  toward  the  centre, 
and  it  luis  l>ecn  provctl  that  by  reason  of  this  arrangement  the 
resuhing  focal  length  is  shorter  than  it  would  be  if  the  entire 
Icna  possessed  the  refracting  power  of  the  nucleus,     Now,  we 
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have  groand  to  believe  that  from  the  senile  cliangcs  of  the  leng 
its  CHtrtifal  [Kwi  becomes  Imrtler,  so  that  its  refracting  power  more 
nwirly  apppoaclies  that  of  the  niiclciw;  an  increase  of  focal  dis- 
tiknL'C  is  the  result.  Aloreover,  in  extreme  old  age  tlie  lens  ap- 
|>ears  to  become  actually  flatter,  a  further  cause  for  the  diiiiinutiou 
of  refniction.  In  this  way  hy|)ermctropiu  may  develop  in  eyes 
originally  ernmetmpic 

The  diminution  of   the  range  of  accommodation   by  a  with- 
drawal iif  the  near  point  from  the  eye  is,  then,  to  be  called  prcv 
byopia  only  when  it  is  a  co-symptom  of  senile  cliauges  in  the  eye. 
These  changes  are  numerous.     All  the  ret'ntcting  media  of  the  eye 
become  less  transparent;    this  is  noticeable  when  one  compares 
ophthalmoscopically  a  senile  eye  with  a  youthful  ouc;  the  ante- 
rior chamber  becomes  shidlower;  the  iris  loses  its  motility;  the 
pupil  becomes  smaUcr,  and  often  does  not  dilate  normally  upon 
the  n.«ie  of  atropine;  the  chon>id  and  membrane  of  Descomct  (the 
last,  fortunately,  a&  a  rule,  only  near  the  corneal  margin)  become 
thickened  and  uneven;  phosphate  of  lime,  ils  Bonders  has  shown,* 
is  deposited  in  (he  sclera;  the  muscle  of  accommodation  alrupliics; 
tiie  retina  in  its  vessels  and  in  the  ^r^tructurc  of  its  peripheral  [>aTtd 
also  shows  changes  which   must  Ik-  regarded  as  senile.     Diinin- 
Uhed  clearness  of  vision  follows  all  these  phenomena.     We  thus 
find  presbyopia  to  be  a  oo-symptom  of  a  considerable  series  of 
changes,  and  must,  therefore,  regard  the  withdrawal  of  the  near 
point  as  a  normal  phenomenon  only  when  it  stands  in  due  pro- 
portion to  the  age.     Krametrojies,  on  an  average,  first  experience 
the   iuconvenicnces   of  presbyojila    beiwcen    the   forty-fifth    and 
fiftieth   years  of   life.     Only  very  sluirp-sightcd    eyes   can,  at  a 
greater  age,  be  used  by  the  hour  in  reading  or  writing  without 
experiencing  fatigue. 

Premature  presbyopia  occurs  in  connection  with  premature 
marusmus,  after  preetniting  sicknesoes,  with  iiicipieut  ciitaract  and 
with  the  development  of  glaucoma. 

The  diagnosis  of  presbyopia  is  easy.     It  is  first  to  be  aseer- 
tained  that  the  vision  for  distance  is  good,  then  that  the  indistinct- 
of   near  objects  is  corrected    immediately  by  weak  convex 
B,  and,  finally,  that  the  diminution  of  accommodation  stands 
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in  the  proper  relation  to  the  age  of  tlie  patient  Parnlyfiis  of 
acoommothuion  iw  partly  tlius  cxcliidMl,  |>artly,  alf*o,  by  the  beha- 
vior of  the  pupil.  As  a  rule,  the  pupil  is  contracted  in  presbyopia 
and  dilated  in  paralysis  of*  aocouiinodation. 

The  treatment  conmsts  in  .substituting  convrx  lenses  for  the  lost 
power  of  aceommoilatiou.  So  »uou  an  pre&byopia  causes  iuoon-j 
vcnience  which  is  rclievc<l  by  the  use  of  weak  convex  lenses  (^ 
to  ^),  suoh  eiTei-tacles  bIiouM  always  be  used  for  work.  It  is 
uselet**,  by  straining  the  eyes,  Uy  attetiipl  to  (Kjstpone  the  use  of 
gla-sses,  and  it  is  crpi:»lly  useless  to  adopt  them  so  long  as,  in  spite 
of  the  removal  of  the  far  point,  continuous  reading  or  writing 
causes  no  inconvenience. 

The  strength  of  the  glasses  to  be  prescribed  depends  upon  the 
nature  of  the  patient's  occu|)ation.  The  farther  his  near  point 
has  receded  beyond  the  diatiince  of  the  olyects  on  which  he  uses 
his  eyes,  the  stronger  the  gliLSsey  wliicli  he  rwiuircs.  For  reading 
and  writing  it  generally  suffices  to  bring  the  near  point  up  to 
a  distance  of  from  12  to  15  inches.  In  simple,  nnwimj>li«ite(l 
presbyopia,  with  fair  acuteness  of  vision,  the  choice  of  projwr 
s]ieclaclcs  may  usually  be  left  with  the  patient.  From  time  to 
time,  as  the  near  [joint  gradually  recedes  from  the  eye,  somewhat 
stronger  glasses  must  be  chosen.  For  healthy  eyes  it  is  better  to 
use  uncolored  glasses.  The  blue  ones,  which  have  become  per- 
hujjs  too  fashionable,  are  at  first  very  agreeable,  but  since  they 
deprive  the  retina  of  tJic  normal  stimulus  of  white  light,  the  eye 
becomes  too  sensitive;  hence  having  once  Ix-gun,  it  is  necessary  to 
continue  wearing  them. 


DETERUININQ    AGUTESI238  OF  VISION. 

AV^c  have  said  that  in  making  the  diagnosis  of  presbyopia  it  ia 
necessary  to  determine  the  acuteness  nf  vision;  we  must  now  con- 
sider the  method  of  duing  il.  A  sufficient  judgment  may  he 
formed  by  trying  the  acuteness  of  vision  by  test  type  of  varying 
sizes,  such  as  Jaeger*s.  In  niany  res|>ecU,  however,  Sneljen's  test 
letters  are  better.  Tliey  are  nu>re  exact,  and  the  results  are  more 
easily  compared  with  each  otlter.  These  letters  increase  in  size 
according  to  a  definite  pri>iM>rtii)n. 

The  most  suitable  ohjects  a|tiK*iir  to  be  black  letters,  of  sizes 
BO  arranged  that  they  arc  seen  plaitdy  by  the  normal  eye  uuder 
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an  nngle  of  Rve  minutes.  The  thickness  of  the  lines  and  sirmller 
irts  of  the  letters  is  exactly  one-fifth  their  hoitrht,  so  that  the  dif- 
iTerent  |>nrts  of  the  Icttere  are  Inelmlwl  lu  an  angle  of  one  minute, 
while  the  whole  letter  is  inoludeel  in  an  angle  of  five  minutea. 
The  letter  C,  for  example,  in  er>mpari*ioii  with  the  letter  O,  sliowa 
an  interruption  with  a  visual  angle  of  one  minute.  Aecordingly 
this  series  of  letters  is  so  arranged  that  the  test  letters,  No.  I,  one 
fn<it  distant,  No.  II,  two  feet  distant,  No.  XX,  twenty  feet  distant, 
and  No.  C,  one  hundred  i'tsit  distant,  an;  all  included  in  the  Hame 
visual  angle  of  five  minutes.  If,  for  instance,  No.  XX  is  dis- 
tinctly seen  at  twenty  foot,  hut  not  No.  I  at  one  foot,  it  shows 
normal  acutencss  of  vision,  but  that  |»rol)ably  the  a(*comnio<la- 
tion  is  insufUcicnt  to  adjust  the  eye  for  a  distance  of  one  foot. 
This  prolxihility  becomes  a  certainty  if  by  the  use  of  the  proper 
oonvex  lenses  No.  I  is  also  plainly  J^een  at  a  distanee  of  one 
foot. 

Again,  if  No.  T  is  seen  distinctly  at  a  distance  of  one  foot,  hut 
not  No.  XX  at  twenty  feet^  tliere  is  normal  actitenessof  vision,  hut 
there  is  reawui  to  8us[>e(;t  the  existence  of  myopia.  This  suspicion 
is  confirmed  if  with  the  proper  concave  lenses  No.  XX  is  seen 
distiwtly  at  twenty  feet 

If  after  the  correction  of  any  existing  anomaly  of  refraction 
the  patient  cannot  see  No.  XX  at  a  distanee  of  twenty  feet,  but 
only  at  a  distan<%  of  perhaps  ten  feet,  there  exists  a  deficiency  in 
the  acutenesa  of  vision.  The  degree  of  this  deficiency  may  be 
expressed  by  a  fraction  whose  numerator  is  the  number  of  feet  at 
vrhtrh  the  letters  are  seen,  and  whoso  denominator  is  the  numltcr 
of  feet  at  which  they  should  be  seen.  In  the  example  just  givcu 
there  is  an  acutenesa  of  vision  of  ^  :=  |. 

The  examination  of  the  condition  of  vision  is  conducted  as 
follows.  The  test  letters  are  set  up  in  a  wcIMighted  |MJsition  in 
a  room  twenty  feet  long  or  more.  If  now,  for  example,  No. 
XX  is  read  at  a  distance  of  twenty  feet,  the  acnteness  of  vision 
is  JJ,  that  is  =  1.  Persons  who  see  No.  XX  at  more  than  twenty, 
say  at  twenty-five  feet,  pos^^ess  an  acnteness  of  vision  of  ^J,  or 
one  excce*^ing  the  normal  average;  such  eases  arc  not  uncommon 
among  young  individuals.  If,  on  the  ctmtrary.  No.  XX  is  not 
fioen  at  a  distance  of  twenty  feet,  but  the  patient  must  approach 
nearer  in  order  to  distinguish  the  diflerent  letters,  there  ts  a  dimi- 
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nation  in  the  acuteness  of  vision,  and  it  is  to  be  expressed  in  the 
manner  above  described. 

It  is  in  many  res]jects  more  convenient  to  allow  the  distance 
between  the  test  letters  and  the  patient's  eye  to  remain  unchanged, 
and  to  write  as  numerator  of  the  fraction  the  number  which  is 
seen  with  normal  vision  at  that  distance,  and  as  denominator  the 
number  which  the  patient  actually  sees;  for  instance,  if  not  No. 
XX  but  No.  LXX  are  the  smallest  letters  to  be  seen  at  a  distance 
of  twenty  feet,  the  acuteness  of  vision  is  ^J. 

In  using  these  test  letters  It  should  l>e  remembered  that  it  is  by 
average  daylight  that  the  lettera  are  recognized  at  the  given  dis- 
tances. With  intense  illumination  they  can  be  seen  at  even  a 
greater  distance.  The  changes  in  the  intensity  of  daylight,  which 
are  dc|>endent  upon  variations  in  the  weather,  are  a  source  of  error 
difficult  to  avoid. 

The  proposition  to  abandon  daylight  and  conduct  this  examina- 
tion by  artificial  light  is  also  objectionable,  for  artificial  light  is 
likewise  subject  to  considerable  variations  of  intensity,  is  difficult 
to  control,  and  further,  when  we  conduct  a  patient  out  of  the 
daylight  into  a  room  artificially  lighted  in  order  there  to  try  his 
acuteness  of  vision,  an  adaptation  of  the  retina  to  the  changed 
illumination  must  first  take  jilace.  The  laws  according  to  which 
the  retina  adapts  itself,  especially  in  pathological  conditions,  to 
light  of  different  degrees  of  intensity,  are  as  yet  imperfectly 
understood. 

The  unavoidable  variations  in  the  intensity  of  daylight  seem 
the  simplest  to  deal  with.  In  my  own  private  practice  I  have 
found  it  convenient  to  use  a  mcxlification  of  the  usual  expression 
for  the  acuteness  of  vision.  If,  according  to  Snellen's  plan,  the 
denominator  of  the  fraction  be  the  number  of  the  test  type  recog- 
nized by  the  patient,  and  the  numerator  the  number  of  feet  at 
which  he  sees  them,  then  it  is  only  tlie  denominator  which  is 
affected  by  changes  in  the  illumination;  the  errors  from  this 
source  become  less  when  we  subject  the  numerator  also  to  the 
same  influences.  I  prefer,  therefore,  to  write  as  numerator  of  the 
fraction  that  number  of  the  test  tyjie  which  I  can  recognize 
simultaneously  with  and  at  the  same  distance  as  the  patient;  as 
'  denominator,  I  frrite  the  number  of  the  type  which  the  [xitient 
reads.    In  this  way  some  but  not  all  sources  of  error  are  avoided. 
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Myopia  exifits  when,  accommodation  being  relaxed,  parallel  rays 
falling  upon  the  rorncn  nre  not  united  to  an  image-point  upon  the 
retina,  Imt  intersect  cacli  other  in  front  of  it.  Of  eout^sc  under 
theee  circnmfitances  every  distant  objcet  casts  iiiwn  the  retina  a 
circle  of  diffusion.  The  retinal  imaj^  of  distant  ohjeetB  at^b  there- 
fore diffuse  and  indistinct.  In  order  tocastasharp  image ujjon the 
rcliaa  the  luminous  point  or  ohject  fixed  mu-st  appronrh  the  eye  to 
within  a  certain  distance.  The  far  point  of  distinct  vision  does  not 
lie  as  with  the  emmetropic  eye  at  an  infinite  but  at  a  finite  distance. 

The  position  of  the  far  [joint  can  Im-  dfrcf^tly  determine<l  by 
,  Mocrtaining  the  greatest  distiuice  at  which  test  type  of  the  pr<j[>cr 
size  can  be  read.  If,  for  instanrc,  the  jwticnt  rea<l  No.  T  of 
Snellen's  test  ty|>e  at  12  inches,  but  ciuitiot  read  No.  II  at  24 
inches,  it  may  be  assumed  with  certainty  tliat  bis  far  point  lies 
between  12  and  24  inches,  and  it  remains,  by  furtlier  exi>eriment8, 
lo  determine  more  exactly  its  p{jsition. 

It  is  advisable  in  all  cases  to  begin  the  examination  in  this 
manner  and  then  to  verify  and  jierfcct  ihe  result  by  giving  to 
the  rays  from  a  distant  object,  by  the  help  of  a  concave  lens,  a 
divoi^nce  such  as  if  they  had  prooee<lt'd  from  the  far  point.  If, 
for  instance,  ihe  far  point  lie  at  IG  inches,  and  we  plate  imme- 
diately in  front  of  tiie  i>atient's  eye  a  concave  lens  with  a  negative 
focid  length  of  16  inches,  then  will  the  iMirallel  rays  after  their 
refraction  in  the  concave  lens  so  diverge  as  if  they  had  prtK-eeded 
from  the  negative  focal  point  of  the  lens;  but  according  to  our 
6Uppofr>itioi]  tins  negative  focal  point  coincides  with  the  far  point ; 
both  lie  16  inches  from  the  eye,  the  distance  between  the  concave 
lens  and  the  eye  not  being  considercfl.  Under  these  circumstances 
tliere  is  distinct  distant  vision^  and  u|>oii  using  the  test  type  for  dis- 
tance, normal  aeuteness  of  vision  is  found.  A  concave  lens  weaker 
tlmn  — -jljr  would  not  pro(]u«;  this  result,  for  its  negative  focal  i>oint 
would  lie  at  a  greater  distance  from  the  eye  than  the  far  i>oint; 
but  with  a  stronger  lens,  for  instance  with  ^^  or  — -j^,  dis- 
tant vision  is  still  possible;  the  rays  falling  par.dlel  upon  the 
lens  diverge  after  their  refraction  in  it,  as  if  they  had  procewled 
from  u  iK)int  14  or  12  inches  di.stant,  and  a  myopic  eye  whose  far 
point  lies  10  inches  distant,  can  by  a  slight  elfort  of  aoeommudation 
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adjust  itself  Cor  these  distances.  Since,  however,  we  wUh  to  <Ie- 
terittine  the  opticiil  adjustment  of  the  eye  when  its  accommodation 
is  fully  relaxed,  wc  have  the  im|K>rtant  rule  that  only  the  weakest 
concave  lens  with  which  distant  vision  i«  possible  gives  the  pp^i^er 
expression  for  the  jxisition  of  the  far  point.  One  ought  not  to 
trust  the  subjective  impressions  of  the  patient;  his  simple  state- 
ment that  he  sees  Ix^tter,  is  not  siirticient  nnlcss  in  connection 
witli  it  the  reading  of  tlie  te6t  letters  shows  a  perceptible  im- 
provement in  vision.  Weaker  and  weaker  glasses  should  be  tried 
till  one  is  found  which  diuiinishofi  the  sharpness  of  vision;  the 
limit  IB  then  parsed. 

If  acutenesfi  of  vision  be  diminished,  us  is  imually  the  case  in 
tlie  high  grades  of  myopia,  then  the  weakest  concave  lens  which 
gives  the  best  attainable  vision  must  be  regarded  as  giving  ap- 
proximately the  wjrrect  expression  for  the  degree  of  myopia. 

If  the  iM>sitii>n  of  the  fur  point  requires  the  employment  of  a 
moderately  strong  concave  lens,  say  —  i^  •^r  more,  there  is  a  very 
simple  method  of  <letermining  whether  it  is  tno  strong  or  not. 
Move  the  lens,  and  of  course  at  the  same  time  its  negative  focal 
point,  gradually  awny  from  the  eye;  if  with  the  lens  clrjsc  to  the 
eye  its  negative  focal  |x>int  coincided  with  the  far  jioinl,  then  upon 
M'ithdrawing  the  lens  its  focal  point  will  be  removed  l>eyond  the 
far  jxjint,  and  vision  loses  its  distinctness;  if  upon  withdrawing 
fioniewhiit  the  lens  vision  is  as  distinct  or  even  more  distinct  than 
with  the  lens  held  close  to  the  eye,  it  shows  that  the  concave  lena 
is  too  strong.  In  the  case  of  strong  concave  lenses  the  distance 
between  the  eye  and  the  lens  should  not  be  neglected ;  if,  for 
instance,  it  he  ^  inch  and  the  far  point  lie  at  3  inches,  then  will 
the  negative  focal  point  of  a  lens  — -j^;  coincide  with  the  far  point. 

The  <legree  of  myopia  is  iletcrminod  by  the  pwiticm  of  the  far 
[K)ini;  if  it  lie  at  IG  inches  the  degree  of  myopia  is  expressctl  by 
M-jijjj  if  it  lie  at  3  inches,  by  MJ.  That  concave  lens  whose 
negative  focal  point  corresjionds  with  the  far  point  is  called  the 
neutralizing  lens.  The  fur  point  of  an  eye  pruvidetl  with  a  iicu- 
trali/jng  lens  licSj  as  it  docs  in  the  emmetropic  eye,  at  an  iuHntte 
distance. 

ANATOMICAL   CHANGES    IN    MYOPIA. 

Formerly  the  optical  cause  of  myopia  was  thought  to  be  too 
great  a  curvature  of  the  coruca.     By  ophtlialmomctric  measure- 
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ments,  Donders  atlaiiiwl  tlie  unGX|)ectEHl  result  that  the  radius  of 
cur\'ature  of  the  cornea  is  pmerally  greater  in  the  case  of  myopes 
tlian  with  emmetropcs.  Of  course  a  too  great  curvature  of  the 
rornea,  when  it  exi.-Jtrf,  will  cause  myopia.  Tlie  same  is  true  of 
the  lens.  Clianges  in  it  may  cause  myopia,  hut  such  cases  do 
not  often  otTur.  A  forward  dis])!accmont  of  the  lens  must,  for 
optical  reasons,  increase  the  refractive  condition  ;  tlii.s  seenjs,  how- 
ever, to  be  an  infroqncnt  cause  of  myopia.  Shortsighterlness 
seems  to  l»e  oftener  cauijcd  by  au  increase  of  the  index  of  refrac- 
tion, particularly  in  the  nucleus  of  the  lens.  The  condition  may 
l>e  easily  recognized  ophthalmost^opically,  if  the  pupil  Ixj  large 
enough,  or  has  Ix'cn  dilatwl  hy  mydriatica.  The  reflection  from 
the  nucleus  of  the  lens  is  generally  stronger  tlian  normal,  as  well 
upon  examination  V)y  daylight  with  the  naked  eye  as  hy  focal 
illumination;  up<in  ophtluilmoscopie  illumination,  espceially  wtdi 
a  weak  mirror,  the  nucleus  apfiears  evi<Iently  dlfferentiatcfl  from 
the  cortical  [xirt  of  the  lens;  this  cjin  he  best  seen  hy  making 
slight  movcmouts  of  the  mirroi-.  Tluse  changes  occur  as  the 
prodroma  of  nuclear  cataract,  both  in  eyes  previously  healthy 
id  in  those  rerovcrcd  fn)m  glaucoma.  They  often  occur,  also, 
as  one  of  tlie  many  complications  of  mvnjtia  de(K;nding  upon  an 
elongation  of  the  axis  of  the  eye.  Under  the  title  "  Diaeasty  of 
tlie  Accommo<lation"  it  wilt  he  shown  that  apparent  myopia  may 
be  oause<I  by  a  continuous  tension  of  the  aceoniinotlation. 

The  most  frequent  and  imiwrtant  cau«;  of  myupia  is  the 
elongation  of  the  axis  of  the  eye.  The  other  diameters  are  not 
unfrequently  somewhat  increased.  As  a  rule,  however,  the  axis 
is  moift  ekmgatcd,  and  the  eye  assumes  therefore  an  ellipsoid 
form.  The  distention  of  the  membranes  occurs  mostly  at  the 
poettorior  [>art  of  the  eye,  involving  generally  the  region  of  Uie 
optic  nerve.  The  greatest  diameter  of  the  eye,  thert?fore,  very 
nearly  coincides  with  its  axis;  it  may,  however,  deviate  laterally, 
generally  toward  the  median  side.  Acoonling  to  K.  v.  Jaeger,* 
tlie  greatest  ex|>ansion  may  occur  even  on  tlie  median  side  of  the 
optic  nerve. 

This  anomaly  of  form  was  first  descrilwd  hy  Scarpa.  Its  desig- 
natiou  as  "staphyloma  posticum"  is  not  exactly  appropriate,  iuas- 


*  £iD«te11angen  dcs  dioptrischen  Apparatc^,  Wien,  186l|  pag.  54. 
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nitich  !is  in  nm*nmpli«iteil  my'ipia  the  pmtrusion  is  hy  no  mC'ans 
HO  eircuinwribtd  and  prominent  as  in  anterior  scleral  etapliyloma. 
In  spite  of  the  elongation  of  the  axis,  tlie  eye  niaint^tliis,  ns  shown 
Pio.  8.  ^"  ^^i^'  ^t  ^  regnlar  form.     The  Hulera  is 

pxpindin]  ami  thinnml  thronghont  its  whole 
extent,  on  the  Lempoml  more  than  on  the 
median  side,  and  most  of  all  in  the  region 
of  the  posterior  pole,  8o  thin  may  it  be- 
come ihat  thiri  iKirt  upon  enuckatetl  eyes 
appears  blue,  like  an  anterior  sfcijihyloma, 
and  if  the  cornea  be  turned  to  the  light, 
an  inverted  image  of  outer  objects  will  bo 
])laiuly  seen  cast  upon  the  attenuated  jiortion.  Indewl,  even 
dnring  life  the  bluish  color  in  the  r^ion  of  the  ptisterior  pi>Ie  can 

l)e  often  seen  by  causing 
the  patient  to  turn  his 
cornea  strongly  inward. 
These  changes  exert 
a  marked  influence  upon 
the  place  where  the  op- 
tic nerve  enters  the  eye. 
The  stretcliinj;  of  the 
membmnc  in  the  region 
of  the  posterior  |)ole 
pu.she6  tlie  optic  uer\'e 
Bomcwhat  aside  toward 
tlie  median  line. 

Moreover^  the  two 
nerve-sheaths  change  in 
tlieir  relations  toward 
each  other.  Since  the 
inner  nerve-sheath  is 
adherent  to  the  nerve 
itself,  while  the  outer 
one  is  continuous  with 
the  i-elei-a^  it  follows  that 
a  distention  of  the  latter 
causes  a  traction  upon  the  external  sheath,  drawing  it  from  tlie 
other  and  increasing  the  space  between  the  two.     (See  Fig.  9.) 


Frim  Dond^ra.  1,  e-.  Tig  H7.  Tli*  •t»«o  e  b«twe«n  Ih^ 
Inner  anil  uutrr  iirnrr-alisMUi*  wiJona  u  it  itptiniHchM  lbs 
aeUn ;  llin  Unrnl  ■■*"  of  tho  onl«r  flhralli  a"  lileiHll  with 
Ilia  Mlon ;  ■  thlnnfr  mvmbran*,  a',  rutii  tciVKrd  i)i«  of^tlo 
u«rvp,  MDil  ic  continniiai  witli  tito  liiai>r  urrvo-ilieiilb  b'. 
M  tbli  plMe  tbe  iclm  contiits  tbaraXore  of  onljr  tt  thin 
Iwnella,  a',  whkb  b  In  irlnUuii  [malrrlafljr  wiib  Die  loota 
unmjW  tiMua  r',  mnd  wbidi  AulwrlMflf  b  corored  by  iho 
AUufihl<^  MtA  (li^igniMilM  ebnrolit  J':  /  !■  Iba  Unilna 
Crtbron,  uid  tb«  tiuno  n,  mbore  tbv  ebotxrid,  li  lb*  n iIuk. 
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Aooording  to  Donck'rs,  the  place  of  cntmnce  of  the  optic  nerve 
on  the  outer  siirfat*  of  the  sclera  may  attain  by  this  widening  a 
diameter  of  8  millimetres  or  more,  so  as  to  present  an  ap|H?aran<'e 
as  if  the  optic  nerve  were  set  upon  a  second  terrace  of  the  staphy- 
loma. Tl»is  widening;  of  the  spaoe  between  the  outer  and  inner 
tilieath  of  tJic  optic  nerve  is  mentioned  by  Von  Ammon.* 

The  investigations  of  E.  v.  Jaeger  t  show  that  the  same  thing 
occurs  in  myopia  of  a  low  grade. 

As  a  rule  the  choroid  remalnrt  normal  in  its  anterior  part,  but 
the  more  it  appriDaehcH  the  expamleil  part  the  thinner,  paler  and 
more  atrophierl  docs  it  become.  These  ciian^s  are  greatest  close 
to  the  optic  disc,  so  that  Iiere  nothin*^  remains  of  the  rlioroid  but 
a  ihiu,  structureless,  transparent  uienibrane,  containing  uo  trace 
of  blo(Hl- vessels  or  even  capillaries.  licyond  tJiis  fully-atrophied 
part,  however,  the  anatomical  cicmenfo  of  the  choroid  are  but 
little  changcil.  The  pigmentwl  epithelinm  forms  a  uniform 
layer;  the  individnul  colls  l(»se  more  or  less  of  their  pigment 
molecules  in  the  greatly  distcnde4l  part,  and  may  evcji  berome 
colurltiss;  in  places  they  arc  notit^eably  enlargtul  and  UutU-ncd. 
The  branching  pigmcuteil  cells  of  the  choroidal  stroma  behave  in 
the  same  way ;  anteriorly,  wliere  the  choroid  retains  its  normal 
thickness,  they  remain  entirely  normal;  further  back  they  con- 
tain less  pigment,  and  finally  none  at  all. 

A  further  tvinscquenw  of  the  distention  .suficrcd  by  the  choroid 
is  that  its  anterior  portions,  the  ciliary  body,  the  iris  and  at  the 
ttunc  time  the  lens,  move  liackward ;  this  accounts  for  the  very 
frequent  deepening  of  the  anterior  chamlier  in  myopic  eyes.  The 
ciliary  muscle  having  a  tendinous  altachmeut  on  the  edge  of  the 
cornea,  exfK'rionoes  from  this  process  a  traction  which  may  induce 
atrophy. 

In  uncomplicatoti  cases  of  myopia  tlie  retina  shows  no  recog- 
nijuible  changes. 

OPlITnALMOSCOnC   APPKARAyCE. 

In  myopia,  changes  arc  almost  always  olwervable  about  the 
optic  disc;  as  a  rule  there  is  a  sharply-dcfincti  sickle-shaped  or 
cresccntic  spot  on  the  tem(>oral  side  and  close  to  the  dLsc,  where 

*  Von  Ammon,  ZeitMbrifl  fur  die  Ophthalmologie,  Bd.  H.  png.  250. 
f  Ein»U:lluii]foa  det  diojilr.  Appurntcs,  Taf.  ji.  Fig.  18  (>«  20. 


36  MYOPIA,  0PUTIIA1.M06CX)PIC  APPEARANCE. 

more  or  loss  atrophy  of  the  choroid  exists.  In  many  cases  it  is 
only  the  pigmented  epithelium,  which  is  faded  or  degenerated  so 
that  the  choroidal  stroma  can  be  distinctly  seen.  In  most  cases, 
however,  there  is  an  unmistakable  atrophy  of  the  stroma,  and  the 
entire  choroid  is  transformed  into  a  thin,  structureless,  transparent 
membrane,  which  does  not  weaken  in  any  degree  the  white  reflex 
from  the  sclera.  In  many  cases  one  still  sees  a  few  lai^  vessels 
remaining  in  the  region  of  the  choroidal  atrophy.  These  various 
api)earances  are  observed  quite  constantly.  Often  with  a  high  de- 
gree of  myopia,  and  with  an  atrophied  part  equal  in  width  to  the 
diameter  of  the  disc,  only  the  pigment-epithelium  will  have  lost 
its  color,  while  in  other  cases  of  a  mild  form  of  myopia  there  will 
be  only  a  small  but  fully  atrophied  crescent  about  the  margin  of 
the  disc. 

The  atrophied  part  is  often  separated  from  the  adjoining  cho- 
roid by  a  rather  regular  dark  line.  Some  cases,  where  the  atrophy 
has  extende<l  farther  over  the  choroid,  show  traces  of  several  such 
concentric  curved  lines.  In  other  cases  the  atrophied  part  has  a 
more  or  less  irregular  form. 

In  the  majority  of  cases  this  circumscribed  choroidal  atrophy 
occurs  on  the  temporal  side  of  the  optic  nerve,  and  spreads  from 
it  towanl  the  macula  lutea,  generally,  however,  without  reaching 
it.  The  increase  of  the  atrophied  region  docs  not  dei>end  alone 
upon  an  implication  of  the  adjoining  choroidal  tissue  in  the  degen- 
crative  process,  but  at  the  same  time  upon  a  further  stretching  of 
the  already  thin  and  yielding  part;  in  this  way  the  distance  be- 
tween the  macula  hitea  and  the  optic  nerve  increases,  and  the 
latter  becomes  more  displaced  towartl  the  me<lian  line. 

In  high  degrees  of  myopia  the  choroidal  atrophy  often  extends 
around  the  entire  optic  nerve;  the  disc  api)ears  surrounded  by  a 
white  ring,  whose  breadth  is  generally  greater  on  the  temporal 
than  on  the  median  side. 

In  rare  cases  the  atrophied  spot  ia  below  the  optic  nerve ; 
oftencr  its  position  is  under  and  outward,  or  over  and  outward, 
from  the  optic  nerve.  Its  rarest  position  is  above  the  optic  nerve, 
and  such  cases  do  occur.*  A  begiuning  of  the  choroidal  atrophy 
upon  the  metiian  side  of  tlie  optic  nerve  has  been  observed. 

*  Streatfeild,  Ophth.  Hosp.  Rep.,  V.  1,  pag.  80,  und  Miiiithner,  Lehrbiich 
dor  OphthalmoBcopie,  pag,  422. 
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These  small  atropliitxl  spots  often  seem  to  lie  nt  n  dilTerent 
level  from  the  other  parts  of  the  fiuului^, — at  least  it  is  ofteu  no- 
ticcil  that  the  rttiiial  vessels  iu  pussirij;  from  the  periphery  ujwn 
the  atrophied  part  experience  a  change  of  direction,  which  is  to  be 
rcg:inleil  as  the  exprcrwion  of  a  transition  from  one  snrface  to 
another  lying  deeper.  Dornlers*  and  Maiithnerf  regard  these 
ctLses  as  exceptional,  and  I  have  also  formerly  expressed  my- 
self in  the  same  way,  since  in  cases  of  a  high  degree  of  myopia, 
with  wide-spread  choroidal  atrophy,  I  mi^sefl  the  ophthalmo- 
scopic signs  of  the  diflrer<'nee  of  level.  The  ease  is  somewhat  dif- 
ferent with  the  crcscentie  spots  of  mrKlerate  si/t;  with  a  breadth 
less  than  that  of  the  disc.  Kspecially  when  they  are  sharply 
boundetl  and  snrronndetl  by  the  *h»rk  line  before  described,  do 
they  give  the  iniprussinn  of  a  slight  ectasia.  The  optic  disc  shows 
generally  in  these  cases  where  the  ectasia  affects  it  only  on  one 
side,  an  nUliqne  position,  the  side  corres|x>nding  to  the  greatest 
diameter  i>f  the  ectasia  lying  deepest;  and  besides  this,  we  have 
such  a  change  of  form  of  the  optic  rierve  that  its  transverse  sec- 
tion forms  an  oval,  whose  shortest  diameter  lies  in  the  same  direc- 
tion as  that  in  which  the  ectasia  has  attained  its  greatest  extent. 
This  change  of  form  of  the  optic  nerve  Is,  in  part  certainly,  only 
au  apparent  one ;  its  dislocation  toward  the  meilian  wall  of  the 
eyeball  causes  ns  to  sec  it  in  a  more  oblique  position  thau  normal, 
and  llierefore  foreshortened;  still  more  must  this  I>e  the  case 
where  the  disc  has  suffered  the  oblique  ext^avation  above  described. 
M'here  tlie  choroidal  atrophy  is  of  slight  extent,  the  contour  of 
the  optic  nerve  is  gi^nemlly  shurtily  <listinguishable  from  the  ad- 
Joining  white  scleral  region.  If  the  atrophy  involves  a  large  part 
of  the  fundus,  the  demarcation  of  the  optic  disc  gi^ncrally  becomes 
very  indistinct. 

The  retinal  vessels  show  with  unusual  distinctness  upon  the 
while  background  of  the  sclera;  for  this  reason  they  are  often 
visible  in  greater  numbers;  they  are,  moreover,  less  sinuous  tliau 
norma  L 

The  choroid  bordering  upon  the  atrophied  sjrot  may  appear 
wholly  unehangwl,  but  sometimes  shows  tracer  of  a  slight  degree 
of  atrophy ;  it  appears  somewtiat  lighter  and  more  transparent, 


*  L.  cpotf.  300. 


f  L.c.pag.  421. 
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and  its  intervascular  spaces  in  consequence  of  its  stretching  are 
somewhat  widened. 

Tliis  circumscribofl  choroidal  atrophy  is  almost  alwaj's  present 
ill  myopia,  and  aoedrding  to  Bonders  there  is  a  quite  uniform 
average  relation  between  the  extent  of  the  atrophy  on  the  one 
liaud  and  the  degree  of  myopia  and  time  of  life  on  the  other. 
It  must  be  mentioned,  however,  that  in  this  respeet  there  arc  very 
considerable  individmd  variations.  The  consecutive  atroj»hy  may 
be  very  slight,  with  a  quite  high  degree  of  myopia;  and,  on  the 
other  hand,  in  cmmctropes,  and  even  in  hypermctro[)es,  thtste 
white,  crescentic,  slight  ectasias  are  sometimes  seen  iqxvn  the 
temporal  side  of  the  disc;  they  arc  ob.'-erved  oftenor  in  old  than 
in  young  persons.  The  condition  of  refraction  not  considered, 
the  oi)htliahno!TCopic  appearances  in  many  of  these  rases  are  ex- 
actly the  satiie  as  in  myopia.  On  the  other  hand,  however,  tt  is 
unmistakable  that  in  this  matter  there  are  very  gradual  transitions, 
so  that  in  any  given  case  one  cannot  l>e  certain  wliothcr  he  has 
before  him  an  atroj)hied  crescent  or  a  rather  broad  "  scleral  stri|»e." 

At  all  events,  the  connection  between  myopia  and  atrophy  of 
the  choroid  is  undoubted.  It  only  remaiiij^  to  be  explained  why 
it  develops  so  constantly  on  the  tcmporai  border  of  the  optic 
nerve,  and  not  on  that  part  of  the  choroid  lying  near  the  vistial 
axLs.  It  is  to  be  reiuetnbered  that  around  the  optic  nerve  the 
choroid  is  clasely  attached  to  the  sK'lera,  that  often  too  it  s^nds 
fibrous  proceswcs  into  the  ner\'e  itself.  At  this  pla<!C,  therefore, 
the  choroid  cannot  so  ctisily  escape  the  sti'aiu  as  it  can  in  other 
localities  where  it  is  nioiv  loosely  connected  with  tlie  sclera.  Now, 
since  the  eye  is  most  distended  in  its  antero-iM>sterior  diameter,  it 
is  easy  to  see  why  the  choroidal  atropliy  should  begin  just  upon 
the  temporal  side  of  the  optic  nerve.* 

N'everlbeless,  the  sharp  demarcation  which  many  of  these  cases! 
show,  proves  that  certain  local  causes  limit  the  effect  of  the  disten- 
tion of  the  entire  choroid  to  a  sharply  circumscribed  region.  So, 
too,  the  fact  tliat  the  atrophy  often  extends  entirely  around  the 
optic  nerve  shows  that  the  nerve  itself  parlicii>ates  in  the  process. 
In  this  oounoction  the  widening  of  the  sjmce  between  the  two 


*  Comp.  Bchwoigger,  Zur  p»tfa.  Anat.  der  Clioroidea,  Arch.  f.  Opl.th.,  Bd. 
ix.  1,  p«g.  105,  and  Dundcrs,  Anomnlien  dcr  Il«frftction,  pag.  320. 
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nen'e-slieaths  recurs  at  oiicc  to  the  mind.  The  elongation  of  tlie 
sagittal  (liaineter  stretches  the  sclera  et|ually  witli  tlic  choroid,  and  a 
traction  must  necessarily  I)c  brouglit  to  bear  upon  the  outer  ncrvc- 
atieath,  whicli  is  continuous  with  the  sclera.  The  outer  nerve- 
sheath  yields  to  this  traction,  se|)aratcs  from  the  inner  sheath,  the 
lamelltt?  of  the  s<:lera  nearest  t!ie  disc  (Fig.  9,  a'b')  lose  their  sup- 
port and  become  stretched  and  thinned  in  pi*ojK>rtion  as  the  space 
between  the  plicaths  hec^dnicH  grt-ater.  The  same  Iiap[)cns  with 
the  chonjid,  which  maintains  ita  normal  attachmeiitfl  to  the  inner 
surface  of  the  sclera,  the  border  of  the  optic  nerve  aud  the  lamina 
cribrttsa.  It  is  easy  to  understand  why  tliis  exfcodinj^ly  thin 
place  should  yield  to  the  normal  intraocular  pres&urc,  and  thus 
form  an  ectasia,  which,  to  be  sure,  is  generally  slight.  Exter- 
nally this  is  not  peireplible,  since  it  is  to<>  small  and  Is  covered 
by  the  external  nerve-sheath.  These  conditions,  however,  are  no 
obstacle  to  the  ophthalmoscopic  examination.  For  the  recognition 
of  this  condition  the  ciioroid  need  not  be  fully  atrophied;  with  a 
very  slight  atrophy  of  the  choroid  about  the  optic  nerve  the  ooUTftC 
of  the  retinal  vessels  is  often  sufBcient  to  determine  the  existence 
of  a  slight  e^rtusio. 

If  in  a  high  degree  of  myopia  the  greatest  diameter  of  the  eye 
coincide  nearly  with  the  visual  axis,  t]»e  outer  optic  nerve-sheath 
appears  to  separate  on  all  sides  from  the  inner  one,  and  the  cho- 
roi4al  atrophy  a*«uraes  the  annular  fnrin.  Bonders  states  that 
such  was  the  case  in  the  eve  whose  optic  nerve  is  represented  iu 
Fig.  9. 

Of  ciiurse  in  high  degrees  of  myopia  the  dilTuse  atrnpliy  of  the 
choroid  cause^l  by  the  stretching  of  the  ocular  membranes  may 
easily  overetep  tlie  limits  bounded  by  the  outer  nerve-sheatli. 
Nevertheless,  one  often  sees  in  these  cases  upon  the  white  scleral 
l^ckground  which  has  been  laid  bare  by  the  choroidal  atrophy,  a 
dwtiuet  curved  lino,  whicl*  may  be  regarded  as  probably  the  line 
of  junction  of  the  external  nerve-sheath  with  the  outer  surface  of 
the  sclera. 


CAUSES   AKD  COURSE. 


In  tlie  majority  of  cases  myopia,  or  at  least  a  predisjiosition 
to  it,  is  to  be  r^arded  :is  congenital  or  inherited.  On  the  otlier 
hand  it  is  certain,  oud  one  hears  it  often  enough  confirmed  by  the 
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myopes  themselves,  that  straining  the  eyes  favors  the  develop- 
ment of  myopia. 

TIic  clinical  history  of  hypermetropia  shows  that  a  longHX)n- 
iiniieil  tension  of  accommodation  is  of  itself  not  enough  to  induce 
au  elongation  of  the  eye.  Nevertheless  it  raiglit  be  otlierwise  if 
the  sclem  j^ossesscd  diminished  power  of  resistance,  and  if  other 
conditions  were  present,  particulai'ly  strong  convergence  of  the 
visual  axes  and  a  1m)Wc<I  iM)sitioii  of  the  head.  The  first  is  asso- 
ciateil  with  au  increased  intraocular  pressure,  which  favora  a  dis- 
tention of  the  sclera;  the  last  causes  a  passive  hyperemia,  which 
tends  in  the  same  direction.  All  these  conditions  almost  of  neces- 
sity exist  when  work  is  undertaken  iu  au  iusuflficient  light.  The 
hahit  which  chililren  early  acquire  of  reading  long  into  the  twi- 
light, and  tlie  use  of  ill-contrived  school- furniture,  are  both  fre- 
quent causes  of  myopia. 

Accordingly,  it  is  no  wonder  that  myopia  is  such  a  wide-spread 
abnormity.  It  occurs  in  early  childhootl,  and  shows  with  the  in- 
crease of  ycims  a  progressi<m  Iwth  in  frequent^*  and  degree  of 
development. 

Although  for  the  majority  of  cases  we  must  regard  a  congenital 
weakness  of  the  posterior  part  of  the  sclera  as  the  primary  cause 
of  niyo|)ia,  it  iscertjiin  that  the  same  coudiliou  may  be  an  acquired 
one.  The  circumstance  that  myopia  often  develops  in  children 
shortly  after  measles  or  scarlet  fever  goes  to  prove  this.  Afyopia 
often  occurs  also  iu  connection  with  cloudiness  of  the  cornea ;  this 
18  not  becuiuseihe  cornea  becomes  more  convex,  for  in  most 
there  arc  simultaneously  present  the  ophthalmoscopic  indications  of' 
elongation  of  the  axis;  it  is  more  probably  due  to  the  indistinct- 
ness of  the  retinal  images,  the  patient  seeking  to  compensate  by 
increase  in  size  for  wliat  he  loses  in  distinctness.  In  order  to 
obtain  larger  retinal  images,  the  patient  brings  his  eye  as  near  as 
IKJSsible  to  his  work;  a  bowing  of  the  head,  strong  tension  of  ao- 
conimodutioti  and  u  corresponding  convergence  of  the  visual  axes 
are  the  consefjuences. 

If  the  distention  of  the  sclera  be  once  established,  it  can 
easily  understtuxl  how  intratwular  hypcriemia  and  conditions  of 
slight  irritation  may  still  further  lessen  its  capacity  for  resistance 
and  render  the  distention  progressive.  On  the  other  hand,  ouo 
often  si'cs,  in  cases  with  great  distention  of  the  sclera  and  high 
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<Icgree  of  myopia,  clioroi<lal  clianges  which  must  be  regarded  as 
inflatiiniatorj'.  Tliis,  however,  does  not  justify  ns  in  rog:inling 
tin?  pnxt'fis  as  an  inflammatory  one  from  the  Iwginning,  and  tlie 
atrojdiied  crescent  as  the  result  of  a  sclerotico-clioroiditis  poste- 
rior. 

Myopia  may  roninin  stationary  through  life,  or  at  an  advanced 
age  it  may  show  an  apparent  or  actual  decrease.  The  apparent 
decroa.sc  is  due  to  the  contraction  nf  the  pupil,  by  which  tho  circles 
of  diffusion  arc  made  stiiallcr  aiul  the  images  of  distant  objects 
more  distinct.  An  actual  decrease  of  myopia  may  be  canned  by 
the  penile  change?  in  the  lens  before  referre<l  to. 

In  other  cases  myopia  is  rapidly  progressive  during  a  certain 
period  of  life,  generally  up  to  about  the  twenty-Hfth  year,  and 
after  that  remains  stationary.  Finally,  it  may  liappen  that  myopia 
remains  progressive  through  life. 

OOMPLICATIOKS   IN   MYOPIA, 

The  myope  receives  with  the  naked  eye  only  indistinct,  diffuse 
rctiiittl  images  of  all  objet^ts  lying  [>eyond  his  far  point.  In  low 
d^rees  of  myopia  the  indistinctness  of  distant  vision  is  often  not 
feo  great  as  to  cause  tnnrkotl  inconvenience,  but  the  opposite  is 
true  in  high  degrees  of  myopia,  where  the  retinal  images  of  ob- 
jects only  a  few  feet  distant  are  very  confused.  If,  moreover,  the 
objects  arc  insnfficicntJy  illr]niinateil,a8  in  the  twilight,  vision  will 
be  very  imperfetrt. 

Tlie  size  of  the  circles  of  difluslon  increases  with  the  di.stnnce 
of  the  object  and  the  size  of  the  pupil. 

Myopes  arc  often  better  able  than  enimetropcs  to  recognize  verv 
small  objects,  even  in  a  poor  light,  since  the  position  of  the  near 
]M)int  allows  a  cloeer  approach  of  tlie  object. 

As  the  far  ixtint  approaches  ihe  eye,  the  whole  rjxnge  nf  accom- 
modation ap])roaches  wilh  it,  sn  that  without  any  lessening  of  the 
angle  inchidetl  by  the  accommfKhition  the  space  covered  by  accom- 
mo<lation  is  greatly  diminished.  If,  for  instance,  with  M^  the 
action  of  accomnuKlalion  is  as  great  as  we  have  alnive  tissuined  it 
to  l>e  in  the  emmetropic  eye,  that  is  i^J,  the  position  of  the  near 
|>oiiit  may  be  cidcuhitcd  fi-om  the  formula  ^-f-^^J;,  which 
becomes  ^-f-|^|.  The  whole  region  of  distinct  vision  lies 
between  the  points  3   inches  and  4   inches  distant,  while  the 
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cmmctrope,  with  exactly  the  same  amount  of  aocoianKKlutlve 
power,  receives  dtsttnct  retinal  images  from  4  inches  up  to  an 
infinite  distance. 

Tlie  range  of  accommodation  of  myopic  eye*  may  be  determined 
by  finding  the  positions  of  the  far  and  ncsir  jioint*!,  and  reckoning 
from  tbcm  the  aecomuiodution  ;  or  the  cxaminution  may  l)e  made 
to  resemble  that  of  the  emmetropic  eye  by  removing  tlie  far  point 
to  an  infinite  dif^t^inee,  by  t!ie  use  of  a  neutmlizing  lens,  uitd  then 
finding  the  near  point, 

Tl»e  behavior  of  the  relative  range  of  aocommodation  is  of 
si)ectai  interest.  Tlie  myope  learns  nnconscioiisly  to  cimvet^ 
nearly  to  his  near  point  without  aeconimo<Iating.  If,  for  instance, 
the  far  ]>oint  lie  at  8  or  10  inches,  the  eyes  (of  couryo  without 
glasses)  converge  to  nearly  thit*  distance  without  there  being  any 
simnltaneoiiH  tension  of  acown  mishit  ion. 

Now,  since  rayojjes  are  much  soldomer  than  emnietro|)C8  in  a 
pasition  to  use  their  near  points,  it  follows,  by  reason  of  tlie  change 
iu  the  relative  range  of  accon>  modal  ion,  that  less  demand  la  made 
upon  the  aocoramodative  |H)wcr  of  the  myopic  tlian  of  ithe 
emmetropic  eye. 

In  other  res]M?otfl,  however,  greater  demands  are  often  made  on 
the  myopic  than  on  the  cmmetrnpie  eye;  |)articularly  is  tlus  the 
ease  in  reference  to  the  convergence  of  the  visual  axes.  If,  with 
the  naketl  eyes,  the  myojK!  wislios  to  see  distinctly  and  biiiocuhirly 
an  objt«t  within  his  range  of  aL-cominoilation,  his  visual  axes  must 
converge  to  at  least  the  distanii;  of  his  far  jioint  In  only  mod- 
crate  degrees  of  myopia  a  stronger  convergence  is  rcfiinred  than  iu 
emmetropic  eyisn.  Moreover,  the  convergence  ia  made  ditUcult  by 
two  circumstances. 

In  emmetropic  eyes  the  line  of  vision  <1ogs  not  intersect  the 
cornea  at  ita  (■entre,  but  somewhat  toward  the  median  side.  A 
(icqK'ndicular  let  fall  upon  the  centre  of  the  corma  will  form  with 
the  line  of  vision  and  on  the  external  side  of  it  an  anirle  which 
we  designate  as  the  angle  oc'.  If  the  lines  of  vision  are  parallel, 
then  the  pcr|>enilionUu^  let  fall  upin  the  centre  of  thccornea  must 
be  divergent,  and  if  the  lint^^of  vision  intersect  at  any  given  jx)int, 
the  point  of  intcrsccti<>n  of  (lie-  peri>endieuUrs  must  he  at  agi*eater 
distaiu*.  In  myopia  tiie  deviation  of  tht?  line  of  vision  from  the 
centre  of  the  coniea  is  less  than  in  emmetropta,  and  consequently 
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to  direct  (lie  eyes  upon  a  point  at  any  given  distance  there  must  be 
a  stronj^r  conver^nct!  of  tlie  eyeH»  and  a  greater  demand  upon 
the  action  of  the  Internal  recti  niuscle,*,  than  in  emmetropia. 

In  addition  to  this,  tlie  abnormal  sha]ie  of  the  myopic  eye  im- 
pedes its  movements.  While  tbe  nearly  spherical  emmetropic  eye 
plays  like  a  Iwill-and-socket  joint  in  the  eap-iule  of  Tenon,  the 
myopic  eye,  on  account  of  its  elliptical  shaiw,  meets  witli  consider- 
able resistance  to  all  lateral  mtntion,  restricting  the  movement 
l>oth  outward  and  inward.  liut  wliilc  a  slight  turning  of  the 
head  may  take  the  place  of  a  rotation  of  the  eye  outward,  no  such 
eom|>ensation  is  jwssiltle  when  it  is  desired  to  turn  b*:)th  eyes  simul- 
taneously toward  the  median  line.  Tliis  difficulty  of  convergence 
is  the  reason  that  in  high  degrees  of  myopia  binocular  vision  for 
near  objects  is  relinquished,  especially  when  the  myopia  or  the 
acuity  of  vision  of  the  two  eyes  does  not  correspond.  For  reading, 
etc.,  the  Iwrtt  eye  oidy  is  then  used,  while  the  axis  of  vision  of  the 
other  eye  is  not  directed  upon  the  jioint  li.\ed,  but  liaa  a  direction 
relatively  or  alwolutely  divergent.  The  inf^nvenicnces  of  iliplopia, 
wluch  ()nc  would  ex]»eet  under  these  circumstances,  do  not  goner- 
ally  occur,  because  tlie  attention  is  tlirecte<l  only  upon  the  distinct 
retinal  images  in  the  one  eye,  while  the  retinal  images  of  distant 
objects  in  the  other  eye  being  dlHuac  and  indistinct,  are  readily 
ut^leotcd. 

The  relinquishment  of  binocuhir  vi^tion  under  these  circnm- 
etanccs  is  to  \x  regartUnl  as  an  lulvuntage.  Tlaese  myojics  do 
exactly  what  we  would  advise. them  to;  they  avoid  all  straining 
of  aocommtxlation  and  strong  convei-gence  of  the  visual  axes,  and 
for  the  rawt  part,  tix»,  the  bent-over  posititm  of  the  head,  since  they, 
at  U-ast  when  reading,  are  accustomed  to  hold  the  book  vertically 
and  the  head  erect.  This  insufficient  movement  of  the  eyes  is  to 
lie  distinguisiietl  from  an  insuflicicncy  of  the  muscles,  of  which 
we  have  yet  to  sjieak. 

Other  and  very  important  functional  disturbimces  arc  caused 
by  the  distention  of  the  membranes  in  Iiigh  degrees  of  mynpEa. 
In  the  first  place,  the  distention  of  the  retina  causes  a  separation 
of  the  perceptive  retinal  elements;  this,  in  high  degrees  of  myopia, 
causes  a  diminution  in  the  acuteness  of  vision.  Nevertheless, 
myopetf  do  not  generally  complain  of  this.  Since  they  can  hold 
DbjectB  nearer  the  eye,  they  use  a  larger  visual  angle,  and  can 
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therefore  often  read  fine  print  easily,  although  for  distance  and 
with  concave  glasses  a  diminution  of  normal  vision  to  one-balf 
or  oue-third  is  already  evident. 

This  form  of  amblyopia  is  to  be  distinguished  from  a  diminu- 
tion of  vision  which,  in  high  degrees  of  myopia,  often  occurs  as 
one  of  the  symptoms  of  a  retinal  irritation.  The  stretcliing  wliich 
the  retina  and  other  membraueH  suffer  in  the  myopic  eye  is  prol>- 
ably  l!ie  cause  of  this  irritation.  Aside  fi*om  the  diminution  of 
vision  in  such  teases,  there  arc  speedy  fatigue  in  working  and  u  feel- 
ing of  fulness  and  tension  in  the  eye;  often  too  the  eye  is  sensitive 
upon  light  pressure;  besides  this  there  is  dazzling,  subjective  |>er- 
ception  of  light  and  troublesome  myodesopia.  The  latter  is  often 
the  principal  inconvenience  which  myoi)es  complain  of;  the  mate- 
rial cause  of  this  is  always  small  elements  in  the  vitreous,  which 
are  also  present  and  visible  in  perfe<*tly  normal  eyes.  In  eyes  not 
myopic  these  "mouches  volautes"  are  princiiwlly  notice*!  when 
there  are  upon  the  retina  no  distinct  images  other  than  those  cast 
by  these  clcmonts  of  the  vitreous, — that  is,  when  the  gaze  is  directed 
u|M)n  a  uniform  surface.  Hence  myo|)es  not  unfivqucutly  find 
reliei'  from  this  inconvenience  in  the  use  of  concave  glasses,  which 
do  away  with  the  uniform  indistinctness  of  their  retinal  images. 

On  the  other  hand,  it  is  |>robable  that  in  many  aises  of  myopia 
the  myodewipia  is  actually  caufie<l  by  microscopic  opacities  in  the 
vitreous,  since  a  cloudiness  often  deveIo[js  there  whieh  is  ophthal- 
mos«x)picaIly  visible.  The  presence  of  tuch  opacities  is  the  rule 
with  those  wide-spread  choroidal  changes  which  accompany  high 
degrees  of  myopia  in  the  latter  half  of  life.  The  vitreous  appears 
fluid  and  presents  umlcr  tlic  niierowope  small  opacities,  which, 
without  possessing  any  determinate  strncture,  present  a  fibrous, 
granular  appeaiiiiice.  These  are  either  fixwl  by  threads  which  nni 
oif  and  end  in  the  sound  vitreous  tissue,  and  in  this  case  are  sit- 
uated generally  not  far  from  the  disc,  or  tlicy  are  freely  movable 
in  the  fluid  8ul)stanc€,  and  swim  about  here  and  there  with  every 
movement  of  the  head.  Under  these  circumstances  there  is  often 
also  a  cireuinscribetl  cloudiness  at  the  posterior  pole  of  the  lens 
(cataracta  polaris  posterior). 

In  high  d<?grecs  of  myopia,  cspLfiulIy  in  advance*!  age,  other 
changes  of  undout)ted  intlammalory  nature  are  adcletl  to  the  consec- 
utive choroidal  atrophy  ;  they  are  principally  in  the  region  of  the 
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oqunt  irniul  iitx)Ut  the  posterior  pole.  In  the  former  position  (hey 
api>oar  ufteneat  in  t)ie  under  part  of  the  choroid,  in  tlie  form  of 
round  t-pots  which  soinotinics,  ihrougli  loss  of  color  and  atrophy, 
arc  bright  red  or  white,  sometimes  are  noticeable  from  the  dark 
oolorinjc  of  the  choroidal  epithelium;  both  ap[}earanees  may  be 
comhiued,  presenting  bright  spots  witli  black  eilges.  On  accoiuit 
of  their  peripheral  position  they  do  not  cause  much  disturbance  of 
vision ;  they  are,  however,  symptomatic  of  a  predispositiou  to  serious 

Tl»e  changes  about  tlie  posterior  pole  of  the  eye  are  more  fre- 
quent. The  originally  crctjccntie  or  annular  choroidal  atro|>hy 
Mirrounding  tlie  disc  loses  its  regular  boundoriei^  and  spreads  ir- 
regularly, mostly  in  the  temporal  direction. 

Insular  atrophie<l  KjK)ts  a]>jwar  in  the  neighborhood,  and  finally 
t»aleH?e  with  the  principal  one.  Black,  trreguhir  ^tpots,  formed 
evidently  of  groups  of  changed  choroidal  epilliclium,  often  apj>car 
U[>on  the  white  background. 

Tlie  increase  in  size  of  Mariotte's  blind  spot,  under  these  cir- 
cumstances, ought  scarcely  ever  to  cause  disturlwinc^s  of  vision, 
siiw^  the  inner  layer  of  the  retina  remains  intact,  and  therefore 
the  ^inducting  power  of  the  nerves  from  the  periphery  is  not 
diuiini-«he<l. 

On  the  contrary,  affections  of  the  macula  lutca,  occurring  simul- 
taneously with  the  above-mentioned  changes,  or  even  indejwndcut 
of  iIkmu,  give  rise  to  very  serious  disturbances  of  vision.  At  first, 
even  in  eyes  whose  vision  has  not  yet  sufTereil,  there  apjxiar  a  num- 
ber of  irregular  bright  lines  of  pcrhai>h  the  breadth  of  the  prin- 
cipal retinal  vcss*?!,  or  somewhat  broader,  and  of  various  lengths. 
These  are,  perhajw,  consequences  of  the  stretching  which  in  places 
separatoii  the  pigment-cells  one  from  another,  or  flattens,  stretches, 
and  depigments  them.  If  (vnlral  vision  is  already  essentially 
aifectcd,  we  generally  find  changes  of  an  Inflatnniatory  nature  in 
the  macula  lutca,  irregularly  <Iiflused  pigment  changes,  collections 
of  black  pigment  interspersed  with  bright-red  or  white  spots;  or 
exactly  in  the  centre  of  the  macula  lutea  there  may  be  a  black 
S|)of,  of  about  the  size  of  the  optic  disc;  or  there  may  he  a  larger, 
bluish,  elevated  spot,  perhaps  surrounded  by  a  black  ring  of  pig- 
ment and  oflten  accompanied  by  hemorrhages  in  the  tieighlx>ring 
retina. 
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In  rarecasci:!  li  ha)t(K-iis  tlint  a  8har[)ly  dufincd,  small  stiipliyloum 
develops,  imle|>eiident  of  the  creeoeatic  atrophy  surrounding  the 
uerve,  and  sojfflnitwl  from  it  by  healll»y  dioroidal  ti.sstie.  In 
one  case  whicli  I  observed  there  was  in  the  neighliurhood  of  the 
macula  lutca  a  brij;ht  f|H»t  with  a  diameter  onee-and-a-half  or 
twice  that  of  the  di^o,  wiih  pigmeiit-spote  s[>rinkie<l  over  ii  and 
surrounded  by  a.  bluek  ring;  it  was  evidently  excavated  and  there 
wafi  a  cori-esponding  defect  in  the  field  of  vision.  Strcatfeild*  has 
dcHcribwI  a  similar  case. 

The  disturbances  of  vision  which  accompany  the  above-tlescribeU 
cliangcs  in  the  region  of  the  macula  lutca  arc  dependent  |Kirtly 
upon  the  .sti*et<Jiing  of  the  retina  in  tlnH  ivgimi,  partly  upim  the 
mechanical  insulation  which  the  layer  of  rod.s  and  coups  suffers  by 
reasion  of  chiuiges  ni»m  the  surface  of  the  choroid,  and  ]>art]y  from 
disease  of  the  retina  itself.  The  patients  oom]dain  of  a  trembling 
of  tlie  lettei's  when  reading,  of  irregular  curves  in  the  lines,  of  an 
oblique  position  and  irregular  form  of  the  individual  letters,  of 
clouds  or  dark  spots  in  the  wnti*c  of  the  field,  or  finally  of  abso- 
lute inability  to  sue  the  point  tixed  (scotoma  centmle). 

Donders  explains  the  trembling  of  tlie  letters,  by  the  presence 
in  the  macula  lutca  of  a  number  of  very  small  defects  (scotomata). 
Now,  with  the  movements  of  the  eye,  the  Image  of  each  individual 
letter  falls  first  upon  some  spot  in  the  retiua  which  is  sensitive, 
then  upon  one  insensitive  to  light,  so  that  it  alternately  ap|)ears 
and  dis:ippeiu*s;  at  the  simic  time,  in  consequence  of  the  irregular 
displacement  of  the  layer  of  rods  and  cones,  the  shape  of  the  let- 
ters appears  changed. 

Forsterf  has  carefully  analyzed  the  phenomena  of  metamor- 
phopsia  (seeing  objects  distorted  and  inclined  from  their  true  po- 
sition), and  by  the  use  of  a  systom  of  parallt*!  lines  has  shown 
that  in  a  limited  central  part  oi'  tlie  field  of  vision  the  curvatures 
of  the  lines  arc  concentric.  The  luetamorphopsiu  also  oecurti  in 
distant  vision  with  concave  glasses,  so  tliat,  fur  instance,  the  bars 
in  the  window-sash  npi>ear  erooke<l.  The  sensibility  of  the  mac- 
ula lutea  apjx-ars  i-educed,  so  that  distinct  vision  is  only  |M)Ssiblc 
by  intense  illumination.     At  the  same  time  the  bright  light  causes 


*  Optitliitluiic  Ho«p.  Rep.,  v,  1,  p.  S4. 
tOphthftltnolugiscbe  Bcitr&gc,  18G2. 
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an  iinplortsnnt  dnxKling.  The  retina  is  quickly  fatigued  in  reiwl- 
ing,  etc. 

Upon  ophthalmoscopic  examination,  a  black  spot  appears  near 
Ihe  mnciila  lutcu,  ofton  ^iirroundcil  l>r  a  reddenorl  area  (hyjx^ra'uiia 
or  extravasation).  Still,  Foi-stor  was  pntisfiod  that  the  portion  of 
the  retina  aftcott<l  by  metnnmrpluipsia  was  much  larger  than 
ihat  in  which  changes  were  ophthulnidscopieally  visible.  From 
the  concentric  cun-ature  of  the  linc^  Forster  supi)0fled  tliat  the 
fionsitivc  elements  of  the  retina  were  crowdwl  by  the  (rathologieal 
process  towanl  the  centre  of  the  diseased  part.* 

M'hilo  the  attuve-mentionefl  diseases  of  the  macula  hitc-a  at  least 
spare  the  i>tTii)hory  of  ihe  field  of  vision,  it  Jiapi>ens  luucli  oftoner 
in  m\N>pic  than  in  previously  healthy  eyes,  that  ^ght  is  aU>oliite]y 
destroyod  by  det.iohment  of  tlie  retina. 

The  complication  of  myoiiia  with  glaucHJum  will  be  coimidertd 
under  the  head  of  the  I.^t-name<l  disease. 


TREATMENT. 

A  cure  for  rayoj>ia  cannot  be  expected.  In  the  cases  of  my- 
opes who  have  straine*^!  their  eyes  for  weeks  or  months,  one  often 
•tfs  that  rest  or  the  use  of  atropine  causes  some  withdniwul  of 
the  far  iMjint ;  in  such  cases  there  Iku^  been  no  change  in  the  con- 
dition of  refraction,  but  there  has  Iwen  relief  to  a  spasm  of  ac- 
oimmcxlatitm,  which,  M'hen  discnsf^ing  hyper  met  ropia,  M'e  sJiall 
<lescrilK.'  as  latent  aceonimoilatiim.  Tlierc  is  more  to  !>e  done  in 
avoiding  the  developraeut  of  myopia.  With  this  in  view,  it  is 
all-imiKtrtnnt  t«>  regulate  the  uh.*  of  the  cyee.  Reading,  etc..  at 
twilight  is  to  be  strictly  forbidden;  and  even  with  sufficient 
light,  work  upon  very  near  objects  should  not  be  too  steadily 
pursued.  Above  all,  a  strong  lieiuling  forward  of  the  head  is  to 
bcavoid«l.  Chiklreu  with  very  slight  myopia  often,  iu  spite  nf 
lliat  fact,  use  persistently  an  object  distai>ce  fivm  4  to  6  inches ; 
tliisyof  eoursc,  involvesa  strong  tension  of  ax'«»nniodntii»n»a  Iiigh 
degrw*  of  convergence  and  a  lH)wed  position  of  the  head.  It  is 
tlic  duty  of  parents  and  teachers  to  correct  this.     If  the  case  is 

•  An  aflbction  wHcb  might  well  cau^e  tliis  is  the  reiinitiB  of  the  external 
tajer,  described  by  H.  MfiUer.  Sacmi^ch  (Bvitragc  r.ur  Anatomie  de«  Augee, 
I8C2)  ba*  *huM'ii  lluii  it  aho  occum  ms  &  circumscribed  ufftttiuu  uf  the  niacuU 
lotn. 
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not  one  ctf  Biraple  bad  habit,  but  if  in  eonnectioD  with  distinct 
vigiui)  there  exist  a  high  degree  of  myopia,  for  instance,  M.^,  it 
18  at  all  events  advisable  to  remove  the  far  point  by  concave  glasses 
to  about  IC  or  18  inches,  and  tlicn  to  enforce  an  object  distance  of 
at  least  12  or  14  inches. 

To  insure  an  erect  position  of  the  head,  it  is  advisable  in  read- 
ing to  hold  the  book  in  the  hand,  and  in  writing  to  use  a  desk 
with  a  steeply-inclined  and  sufficiently  high  surface.  In  furnish- 
ing school-i'oonia  thei^e  |>ointfi  deserve  careful  uttentit>ii.  It  ia  for 
the  interest  of  society  to  combat  tlie  <levclopmeut  of  myopia  by  a 
prn]«.T  system  of  lighting  and  furnLshing  school-roonw,* 

IC  a  higii  degree  of  rayojjia  appear  in  early  youth,  it  should 
influence  the  choice  of  an  occupation.  It  is  ditlioult,  however,  to 
lay  down  |M)sitive  rules  in  this  matter. 

In  must  cuscs  it  is  necessary  to  render  distant  vision  distinct  by 
the  use  of  proper  concave  lenses.  Wc  have  already  soon  that  the 
connive  h'ns  whose  focal  point  corresponds  with  the  far  jKiint 
fulfils  tUls  condition,  and  we  .shall  here  only  repeat  that  always 
only  the  weakest  lenses  with  which  distinct  distant  vision  is  pos- 
sible should  be  used.  The  question  whether  tlie  cx>rrecting  lenses 
should  also  be  use<l  for  near  objects  lias  been  much  discussed.  In 
this  matter  a  general  rule  cannot  be  laid  down.  The  question 
must  l»  decided  for  each  individual  ease.  A  myopic  eye,  provided 
with  the  proper  eoucave  lens,  Iwhaves  exactly  as  an  emmetropic 
one,  which  indeed  is  a  desirable  (^mdition.  Nevertheless,  it  is  only 
under  the  folluwiug  eircuuistnuces  that  the  neutralizing  concave 
glasses  ought  to  be  worn  uontiniioubly  and  used  for  near  objects. 

1.  The  myopia  should  ni>t  be  greater  than  ^  or  ^.  For  low 
degrees  of  myopia,  under  Mtj^j  there  is  scarcely  ever  any  neces- 
sity for  wearing  w)ncavc  glasses  ciintinuously. 

2.  The  range  of  accomnnMlation  must  be  normal. 

3.  Vision  must  be  normal. 

4.  The  continuous  use  of  concave  glasses  mustlmvc  l>oen  begun 
in  youth. 

Under  these  circumstances^  there  is  no  objection  to  the  coDtin- 


•  Compnr«  Dr.  H.  CVihn,  Untcntin-liun^  der  Augon  von  10,0(10  8cbulkin- 
dcrn,  ucb»t  Vurftcbl&^Dn  xur  N'erbtisdtirung  dor  dun  Augon  nachtbtiJligtin 
Scfauloinricbtungen.     Leipzig,  1807,  und  Doutftchc  Klinik,  1866,  No.  7. 


MYOPIA,  TREATMENT. 

Doos  use  of  neutralizing  gtiis8o».      One  often  sees  mynjics  who 
wear  Uieir  glasses  continuously,  ami  with  <tnly  jjixkI  effVi't'*. 

If  any  oue  of  these  four  (-ondilion.*>  be  wuuting,  we  have  a 
contra-indication  for  the  continuous  use  of  neutralizing  glasses. 
A  more  exact  explanation  of  these  conditions  belongs  with  the 
oonAidcration  of  the  above-named  contra-indicaiJons,  The  eir- 
conis(ani%s  which  make  the  use  of  neutralizing  concave  lenses 
Uiiadvis:ibte  are  the  following: 

1.  A  high  degree  of  myopia.  The  continuous  use  of  neutral- 
izing concave  glasses  with  myopia  of  a  greater  4legixH!  than  ^  is  un- 
udvii^I>Ie,  on  account  of  tlie  diininislied  acuteness  of  vision  which 
generally  co-e.xis(.s.  Even  in  high  degrees  of  myopia,  where 
circumstances  make  it  necessary  to  wear  sjwctacles  continuously, 
tlic  patients  generally  prefer  those  which  do  not  completely  neu- 
tralize the  myopia.  A  continuous  use  of  such  glasses  is  sometimes 
im^>ossible  even  for  distant  vision.  This  is  perhaps  beiuuse  of 
ihe  preponderating  elongation  of  the  eye  in  the  direction  of  the 
visual  axis.  The  sagittal  diameter  increases  relatively  ninrc  than 
all  the  others,  so  that  lenses  which  correct  the  myopia  for  central 
vision  are  too  strong  for  all  objects  in  the  periphery  of  the  visual 
field.  Under  such  cirmmstances  it  is  often  !>cst  to  wear  contiiui- 
ously  spectacles  whiuh  renufve  the  far  {Hiint  to  about  12  inclies,  and 
then  to  employ  an  auxiliary  glass,  about  —  ^V*  ^^^  distant  vision. 

2.  Dintinutiou  in  tlie  range  of  aceommodation.  Wc  have 
alrt^dy  remarkttl  that  the  myopic  eye  is  naturally  adapted  to 
only  slight  efforts  of  accomnuKlatiou,  and  all  straining  of  aecom- 
modatiou  is  roganled  as  hurtful  to  it.     If  now  by  neutralizing 

I  glasses  we  remove  the  far  point  to  an  infinite  distance,  wc  at  the 
lue  time  remove  the  near  point  ami  the  whole  range  of  accom- 
mtNlation  away  from  tlie  eye,  and  the  myope  who  formerly  saw 
near  objects  distinctly  without  accf)[nm(Klatiun,csiH  now  do  so  only 
by  acconmiodating.  We  demand  in  this  case  no  more  from  the 
accommodation  than  the  emmetropic  eye  docs  without  JiflJcuIly; 
but  we  ought  first  to  satisfy  ourselves  that  the  aceoamiotlation 
of  the  myopic  eye  is  ahli;  to  rpsj>oni!  to  such  a  dcmund  wltluint 
injurious  straining.  We  ought,  fur  instance,  never  to  compel 
continuous  a(\.*fmun(Klation  up  In  the  region  of  the  near  ]>oint. 
Myo|»es  who  have  worn  neutralizing  glasses  i'lxmi  tlieir  youth,  are 
compelled  to.  use  weaker  ones  on  account  of  the  gradual  with- 
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(Irawal  of  tlie  near  |>oiiit,  dependent  upon  ad%'anoing  age.  Pres- 
byopia develops  in  myopic  as  well  as  in  emmetropic  eyes.  At 
th(.'  same  time  of  lift-  wlieii  tlie  emmctrojK!  I)egins  to  need  convex 
glasses  the  neutralizing  concave  glasses  become  too  strong  for  the 
niynjx,'  to  use  on  nciir  objeet^. 

3.  Genenilly  the  use  of  concave  lenses  is  contra-indicated  if 
from  any  cause  the  actitenefW  of  vision  is  noticeably  diminished. 
Conical  opacities  or  irregular  astigmatism,  cIoudin&>8  of  the  lens 
or  vitreous,  and  all  the  causes  of  amblyopia,  wliich  occur  so 
frtxpiently  in  high  degrees  of  myopia,  and  are  due  to  retinal  or 
clioroidal  clianges,  cuntra-indicate  the  use  of  concave  lenses.  For 
dtstancc.  Httle  is  asually  gained  by  tlie  correction  of  the  myopia, 
and  for  near  objects  the  liurtful  influence  of  the  concave  lenses  is 
to  bo  iearcd,  since  tlie  patients,  in  spite  of  them,  approach  closely 
to  objw;ts  in  order  to  obtain  as  largo  retinal  images  as  po&tible, 
and  then  they  must  employ  a  tension  of  accommodation  so  much 
the  stronger.  To  abstain  as  much  as  ])osslble  from  work  is  the 
only  advice  to  be  given  under  these  circumstiinces,  as  the  causes 
of  the  amblyopia  cnunot  be  removed. 

4.  Finally,  with  reference  to  the  relative  range  of  acoomm*KLi- 
tion,  the  use  of  concave  lenses  ouglit  not  to  be  begun  too  lale. 
Myopes  not  only  acquire  the  hal)it  of  converging  to  the  near 
point  without  accommodating,  but  also  within  the  range  of  their 
distinct  vision  they  associate  with  every  degi'oo  of  conyergenoo. 
of  the  visual  axes  only  a  i-ehitively  slight  degree  of  aecommoda-' 
tion.  Now,  upon  providing  the  eyes  with  concave  lenses  not 
oidy  is  the  entire  range  of  accommodation  removed  farther  fi*om 
the  eye,  but  the  pasition  of  the  relative  range  of  accommodation 
is  also  changed.  Youthfid  eyes  can  generally  acconimoilate  them- 
selves to  ihc^e  cliangcd  conditions;  or  where  this  is  the  only  dif- 
ficulty, one  can  begin  with  weak  lenses  and  pro<'ct'd  gradually 
to  the  neutralizing  ones.  At  mlvanced  age,  however,  myopes 
cannot,  so  easily  iis  cmmetropes,  change  the  position  of  their  rel-  ' 
ative  range  of  accommodation.  The  greater  demand  ujxiu  the 
available  aceoramorlaUou  in  near  vision  with  concave  glasses  is 
generally  very  uncomfortable,  and  causes  quick  fatigue  of  accom- 
modation. 

It  is,  moreover,  probably  because  of  the  changed  position  in 
the  relative  range  of  accommodation  that  myopes  who  arc  accus- 
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tonied  always  t'>  weaT  their  netitralizing  glasses  feel  very  uucom- 
forUiblo  so  soon  as  thoy  take  tlioni  oif,  cvcii  for  near  vision. 

If  from  any  causu  tlui  use  of  neiitrali/ing  glitsses  cannot  be 
alloweil,  we  still  often  have  occasion  to  remove  the  far  point  to  a 
given  tlijitaiKie,  in  order  to  allow  the  pursuit  of  some  jmriicular  oc- 
ipatiou,  piauo-playing,  fur  instance.  The  suitiible  lenses  can  be 
easily  calculated.  If  we  wish  with  myopia  J  to  remove  tlie  far 
point  to  18  inches,  tliat  is  to  rttluoe  this  MJ  so  that  only  M,\  re- 
mainSj  then  | — ^=^,  consequently  i=i.  Concave  9  is  there- 
fore the  requisite  lens.  Of  course  the  cnUulation  and  direct  ex- 
periment should  always  verify  each  other.  Here,  too,  the  wcak- 
gCBt  \cme&  which  will  fulfil  tl)c  reipui*eiucnt  arc  the  ones  to  be 
fioeen. 

InsufHcient  movement  of  the  eyes  in  consequence  of  their 
change  of  form  exist*  generally  only  in  high  degrees  of  myopia. 
It  appears  best  tliat  the  relative  divcrgem^e  in  near  vision  which 
ilts  from  it  should  not  be  interfered  witli.  Under  these  cir- 
'  cumstanoes  little  is  to  be  atxwmplishcil  with  iIk^  prismatic  spectacles 
which  are  so  often  euq>loyei:l.  The  optical  effects  of  prisms  will 
be  more  particularly  explainetl  hereafter. 

If,  on  the  contrary,  the  difficulty  of  binocular  vision  docs  not 
dej»en<l  ujHjn  a  limitation  of  the  mavetuent  of  the  eyes  but  ii[n>u 
an  elastic  prepondemnce  of  the  external  recti  nuis<'h'?,  and  if  it 
is  evident  that  binocular  vision  can  be  maintained  only  by  a  strain 
upon  Uie  internal  recti  muscles!,  the  indications  are  for  a  tenotomy 
of  the  rectus  externus.  This  condition  occurs  congenitallyi  as 
myopia;  it  is  often  a  complication  of  slight  degrees  of 
'  loyopia. 

The  symptoms  of  irritation  which  frequently  apj>ear  at  the 
period  of  pul«rty,  chaRictenzed  by  hyjierieuiia  of  the  optic  nerve, 
quick  fatigue  and  pain  in  the  eyes,  specially  when  working  in 
the  evening,  deimind  a  strict  liygienic  regimen.  There  must  Ix; 
light,  frequent  interruption  of  work,  the  bead  must  not  l>6 
'^'bent  forward,  all  influences  which  tend  to  congestion  of  the  head 
or  eyns  nntst'be  avoided,  the  feet  must  bt?  kept  wiirni,  the  bowels 
open,  the  douche  must  be  used  with  closed  lids  ami  sometimes 
blood  is  to  lx>  dniwn  with  tlic  iirtificial  leech.  In  slight  degrees 
of  myopia  it  is  advisable  under  these  circumstant'Cs  to  avoid 
the  use  of  spectacles;  in  high  degrees,  if  the  difliculties  are  not 
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thereby  inrrpafiecl,  the  far  point  nmv  be  removwl  by  concave 
glasses  to  about  12  inches;  all  strong  convergence  is  to  be  avoidetl. 
If  we  fius[ieet,  as  is  fret|«ont  in  high  degrees  of  myopia  in  young 
imiiviihials,  that  tiie  symptoms  of  irritation  are  tensed  by  spasm-j 
of  the  nmsclc  of  aeeoinnir>dution,  the  spa^^m  is  first  to  be  relieved 
by  tiie  use  of  atropine,  and  tlie  true  degree  of  the  myopia  is 
then  to  be  determined;  the  use  of  atropine  can  be  continued 
several  days,  during  which  time  the  eyes  should  be  protected 
from  da/zling  Ilgiit  by  colored  ghtssoji,  U|)on  a  recurrence  of 
tlie  spasm  of  accoramodatiou  tfie  use  of  the  artificial  Icecli  is 
advisable. 

The  cases  of  diminished  acnteness  of  vision  which  develop  in 
the  course  of  myopia,  and  which  depend  u|>on  diseases  of  the 
vitreous,  retina,  or  clinroid,  rc<)nire  a  derivative  trt^tment,  and 
Buch  eyes  must  be  si)ar(.Hl  as  much  as  jwssible. 

The  prognosis  in  these  cases  is,  on  an  average,  so  miioh  the 
better  the  fewer  the  material  changes  visible  with  the  ophthalmo- 

SCO|)C. 

HYPERMETROPIA. 

iry|>ermctropia  exists  when,  oceommodation  being  relaxed,  par- 
allel rays  falling  upon  the  cornea  of  the  eye  are  focused  at  a  (K)iiit 
behind  the  retina.  Undf-r  the.^e  circumstances  every  luminous 
jwint  casts  a  circle  of  diffusion  upon  the  retina.  It  is  only  by 
an  effort  of  accomrtiodati'm,  or  (since  we  are  at  prejH'nt  not  regard- 
ing aceommodalion,  but  considering  only  the  eondilion  of  refrac- 
tion) by  the  help  of  convex  lenacM,  that  the  image  of  the  luminous 
point  can  he  bnmght  forward  and  c:»st  upon  the  surface  of  tlie 
retina.  In  a  hypermetropic  eye,  whoso  ac<x*iummlation  is  fully 
relaxed,  it  is  only  rays  already  convei^ing  which,  fulling  upon 
the  cornea, art?  unitfil  u|Min  tlic  retina.  The  point  behind  the  eye 
towanl  which  they  converge  is  culled  the  far  point.  Of  course 
only  a  convex  lens  of  a  certain  focal  length  can  give  to  [mrallel 
mys  such  a  convergence  as  is  necessary  to  cast  an  image  from  dis- 
tant objects  exactly  upon  the  retina;  this  can  liapi>en  only  wlien 
the  focal  point  of  the  lens  and  the  far  point  of  the  eye  OLiiueide. 
Such  a  leuH  is  culled  the  neutralizing  one;  it  expresses  the  gradoj 
of  the  hypermetropia.  Strictly  speaking,  the  distan(?e  between 
the  lens  and  the  eye  nuLst  be  taken  into  account  just  as  in  myopia. 
If  for  instance  the  rays  must  converge  toward  u  point  12  inches 
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behind  the  comea  in  order  lo  be  focnse<l  upon  the  retina,  then  the 
far  point  lies  12  inches  behind  the  eye,  and  hypernietroj)iu  of  -^ 
exists  (H  ■^), 

The  condition  of  refmction  in  the  hypermetropic  eye  is  such 

that  it  is  adjusted  for  converging  rays.     Now,  since  we  ^enendly 

have  to  do  only  with  diverging  or  piinillcl  rays,  it  is  evident  tlmt 

the  liypernietropic  eye  ]x>3eesse3  a  nseloss  facuUy,  and  one  wliidi 

L«fleu  leads  to  unpleasant  consequences. 

AbHolute  hyperrnetropia  exists  when  with  its  jfreatcst  power  of 
taecommodation  the  eye  cannot  adjust  itself  for  parallel  light,  but 
only  for  rays  which  oonverge  toward  a  point  bdiind  and  inure  or 
less  distant  from  it.  The  whole  range  of  its  accommodation  from 
Its  far  to  its  near  point  lies  beyond  inBnity.  Distinct  vision  even 
for  distance  is  consequently  impossible  without  a  convex  lens. 

With  Relative  hyperrnetropia  the  eye  can  adjust  itself  for  paral- 
lel or  even  diverging  light,  but  it  van  do  so  only  when  at  the  siinie 
time  the  visual  axes  converge  upon  a  distance  which  is  less  than 
that  up<^Hi  which  aoconimodation  is  adjusted. 

With  facultative  hypLTuictropia  the  bintKnilar  near  point  lies  at 
a  finite  distance;  distinct  distant  vision  with  parallel  visual  axes  is 
also  possible;  so  is  near  vision  with  a  proper  convergence  of  the 
visual  axes;  there  is,  however,  distinct  distant  vision  and,  of 
coarse,  near  vision  also,  when  convex  lenses  are  used. 

The  aI>ove  classification  dtj)cnds  not  only  njion  the  grade  of 
the  hyjwrmetropia,  but  upon  the  range  of  acconimodatton.  If 
the  degree — that  is,  the  optical  valtic  of  the  hyperrnetropia — is 
higher  than  that  of  the  range  of  accommodation,  the  hyperrnetropia 
will  always  be  absolute.  The  gradual  narrowing  of  the  range  of 
accommtHlation  which  occurs  with  increasing  years  makes  an  origi- 
nally facultative  hyperrnetropia  finally  an  absolute  one;  and,  on 
the  other  hand,  most  cases  of  hy|)ermt'tropia  at  a  youthful  age,  with 
ample  range  of  acctmimodation,  are  fanultativc. 

Domlers  has  represented  diagrammatically  the  relations  in  hy- 
jpermctropia,  ujMjn  the  same  plan  as  he  has  those  of  the  relative 
range  of  ace4jmniodation  (see  page  20).  To  do  thiy  it  is  only  neces- 
}m.ry  to  represent  that  |)art  of  tlic  range  of  accommodation  tying 
licyond  an  infinite  distance  by  horizontal  lines  whose  respective 
distances  from  one  another  represent  an  optical  value  of  j^;  these 
follow  in  order  under  the  line  marked  oc. 


H                Fig.  10  represents  the  facultative  hvi^ermotropia  and  range  of       V 
^1            accommodation  of  a  man  28  years  old,  wlioee  mamifest  Kypernie-        H 
^m            tropia  is  corrected  l)y  convex  UO,  whot«e  far  (Kiint,  tlicrefore,  liea         H 
^M            30  inches  behind  his  eye.     The  relative  near  point  with  pandlel        H 
^m            axes  of  vision  is  20  inches  in  front  of  (he  eye;  he  sees  at  a  dis-        H 
^1             tance  as  well  with    +  ^  an  with  — ^.     The  relative  range  of        H 
^1            accommodation  with  [mrallel  viijiial  axes  is  tlien  ^  -f  ^=:^,            ^^ 

^1                                                                           ^^H 

^^V          At  a 
^M             ociiturly.     I 
^M             dntion  will 
^M             so  that  Ijcfo 
H            will  become 
■                Id  Fig.  1 
H^           years.    The 
H            eye  (ooDvex 
^1             point  lies  H 
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ance  of  lOJ  inches  he  can  for  a  short  tin 

n  the  otmrsc  of  years,  liowevcr,  the  range  of 

wcttnie  narrowed  by  the  withdrawal  of  tlie 

re  his  thirty-eighth  year  his  facultative  hyp 

relative,  and  about  his  forty-fifth  year  absc 

1,  //shows  the  relative  hyiiemietropia  of  a 

manifest  far  point  r'n>  lies  about  7  inches 

7  corrects  the  hyperraetropia).     The  ab? 

)  inches  from  the  eye ;  if  one  assumes  in  t 
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tion  of  the  range  of  awoniino<lntion  r^m  as  the  far  point,  we  liavc 
1^-4:^-^,  ami  still  (he  near-point  line  p^  p^  p  never  reaches  the 
diagonal  A'  A"',  which  represents  the  convergence  of  the  visual 
axes. 

Fid.  11. 
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Tliie  eye  can  accommodate  for  divergent  liglii,  btit  ran  do  so 
only  when  the  vi^-uul  axes  intersect  at  a  point  which  ia  nearer  tlie 
eye  than  the  point  upon  which  tiie  accomniodutiou  in  adjusted. 
The  hypcrmctropia  is  not  aWIute,  Init  it  is  so  in  rulntion  to  tlie 
convergence  of  tlie  visual  axes.  For  instiince,  accommodation 
can  be  adjusted  for  a  distance  of  IG  inches,  but  only  by  cod- 
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vei^inj^  at  the  same  time  for  a  distance  of  12  Iiu'lirs.  or  under  an 
angle  of  convergence  of  10°  21'.  Thi^  particular  |)atient,  liuw- 
evcr,  docs  not  avail  herself  of  this  possibility,  even  when  one  eye  la 
covered.  Conse<|uent]y,  s'hc  does  not  see  distinctly  with  the  nakwl 
eye  at  any  distance,  not  even  monocularly;  she  can  see  well,  how- 
ever, with  convex  lenses.  Perhaps  at  the  age  of  11  or  12  years, 
when  the  range  of  aoconimixlatton  was  greater,  she  could  see 
distinctly  even  binocularly.  When,  with  increase  of  years,  her 
accommmlation  shall  be  rwlucwl  to  |,  her  relative  hypermetropia 
will  become  ahsolute. 

The  lines  S  in  Fiji^.  11  show  the  limits  of  accommodation  in  a 
case  of  \'m  high  degree  of  hypermetropia.  Nearly  H^  exist-*, 
and  yet  by  the  help  of  strong  convergence  the  eyes  can  l»e  adjuste<l 
almost  for  parallel  rays.  The  range  of  acmmmodation  ts  a(>out 
\  ;  some  years  earlier  it  was  probably  greater,  and  tiie  hyperme- 
tropia was  then  not  yet  al>solute. 

In  facultative  hypermetropia,  with  normal  acnteness  of  vision, 
distant  vision  is  possible,  but  only  by  a  tension  of  aceoninuKlation 
oorrespouding  to  the  grade  of  thq  hypermetropia.  If  for  instance 
in  hyi)ennetropia  ^  there  W  accommodation  |,  the  ])utienl  can 
iiidwnl  ?ce  plainly  at  a  distance,  but  only  by  an  eflbrt  of  accom- 
modation which  adjusts  the  eye  for  parallel  rays.  The  accommo- 
dation does  exactly  what  a  convex  glass  of  12  inclics  focal  distance 
would  have  done;  i=-iV  '^  cmplnyetl;  of  course  there  remain  ^ 
=  J, — th:it  is,  the  near  point  van  Ix'  brought  only  up  to  G  inches. 
The  entire  range  of  accommodation  is  further  removed  from  the 
eye. 

While  the  enimctrope  with  parallel  visual  axes,  and  with  full 
relaxation  of  acairaraodation,  can  sec  distinctly  at  a  distance,  the 
hyi>ermetropc,  under  tfiese  circumstance*',  must  accommodate  ac- 
cording to  tlie  conditiiMi  (►f  his  refraction  ;  he  must  accoiuniodate 
still  more  for  near  ol)icct.'*.  Under  all  circnm stances,  in  obtaining! 
distinct  retinal  images  bypcrinetropcs  make  greater  demands  on 
their  accommodation  than  do  cminctropes,  and  for  that  reason 
there  develops  a  permanent  tension  of  the  muscle  of  accommoila- 
tion,  independent  of  the  will,  so  that  accomraodatiou  can  no  longer 
be  voluntarily  relaxed. 

This  renders  it  difficult  to  determine  exactly  the  degree  of  the 
hypermetrtipia.     We  have  alrca<ly  said  tliat  this  degree  of  hyper- 
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nictropia  is  expressed  by  tlmt  convex  lens  whicb,  in  the  relaxed 
eye,  ftvusts  jxirallL'I  rays  npon  the  retina.  But  it  Is  wily  with 
full  relaxation  of  the  accommodation  that  the  focal  length  of  that 
ooovex  leus  which  gives  distiuct  distant  vision  expresses  the 
degree  of  the  hy|»ernietropia.  Kvery  tension  of  aocommwlation, 
daring  the  examination,  acts  in  the  same  sense  as  a  convex  leiis, 
and  from  this  follows  the  rule,  that  the  strongest  convex  lens  with 
which  distinct  distant  vision  is  jwssible  is  the  one  which  expresses 
most  corret^tly  the  degree  of  the  hyiwrmetropia.  Now,  in  many 
eases  a  full  relaxation  of  aceommo4lation  never  occurs,  so  t^Mit 
distinct  distant  vision  is  possible^  sometimes  with  a  stronger,  some- 
times with  a  weidier,  convex  lens.  The  grade  of  tl»e  byiHrme- 
tropia,  which  is  exprej^sed  by  the  strongest  convex  lens  with  which 
ilistinct  vision  is  possible,  is  called,  under  these  cireunistajiccs, 
manifest  hypermeiropia  (Hm) ;  the  actual  or  absolute  degree 
can  be  discoveretl  only  by  fir^t  jiaruiyziug  the  accomraodation. 
The  interval  between  the  manifest  and  the  absolute  far  ^loint  is 
cadlal  "  latent  hypermctropia"  (HI),  or  "  latent  range  of  acxwni- 
modation." 

A'ery  striking,  and  indicative  of  the  force  of  habit,  is  the  fact 
that^  after  complete  atropine  mydriasJH,  tfic  latent  hy]iormetr(ipia 
returns,  even  when  the  |)atient  wears  continuously  those  convex 
glasses  with  which  there  is  diHtinct  vision  during  the  |mn\Iysis  of 
aocommodation.  Tii  prop*)rtion  as  the  range  of  accommodation, 
subjfx't  to  the  will,  again  develops,  there  occurs  again  the  spasm 
of  accommodation,  wliich  is  directly  opposed  to  the  interests  of 
vision,  whieh  now  is  less  tlistinet  with  convex  lenses  than  with 
the  naked  eye. 

Another  consequence  of  the  strong  tension  of  accommodation 
which  hypermeti-ojics  must  make  in  order  to  see  distinctly,  appears 
in  the  behavior  of  the  relative  range  of  accommodation.  White 
with  the  ordinary  convergence  of  the  visual  axes  necessary  for 
work  the  myope  uses  only  a  little,  and  the  emmetrope  i>erhap8 
Imlf,  of  his  available  range  of  accommodatioUj  the  hy[>ermetrope 
uses  nearly  all  of  it.  This  demand  sometimes  exceeds  the  strength 
of  the  muscle  of  accommodation;  it  refuses  to  do  its  duty,  and  in 
this  way  are  developed  those  difficulties  which  are  known  by  the 
name  of  asthenopia. 

Of  the  troubles  connected  with  hypermctropia,  asthenopia  is 
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the  principal  one.  Its  symptoms  are  very  characteristic,  and  the 
disca^  is  one  long  known  and  described  under  the  greatest  variety 
of  names,  such  as  hel>etni!o  visne,  kopiopie,  amblyopic  prcHbytiquc, 
impaired  vision  from  overwork,  etc.  It  was  never  rightly  under- 
stood till  Doudera  showed  liyi)ermetropia  to  be  the  true  cause  of  it. 

Upon  external  examination,  the  eyes  show  no  anomaly;  the 
acuteness  of  vision  is  generally  normal ;  when  work,  such  aa 
writing,  reading,  sewing,  etc.,  is  undertakcin,  vision  is  at  first  dis- 
tinct, but  soon,  especially  by  artificial  or  imperfect  light,  vision 
bc<x)mes  indistinct  and  confused ;  a  feeling  of  fatigue  and  tension  is 
experienced,  especially  above  the  eyes;  it  becomes  neoeasory  to  su9- 
jK'ud  work  ;  the  eyes  are  shut,  the  forehead  and  eyelids  are  rubbed 
witli  the  hand,  and  after  a  short  rest  work  can  l>c  again  rftsumed. 
Soon,  however,  the  same  inconveniences  recur.  The  interruptions 
l,>ecome  more  frequent,  and  must  Ix;  more  and  more  prolongwl; 
finally,  the  work  must  be  entirely  abandoned.  If,  in  spite  of  the 
strain  upon  the  eyes,  work  be  continued,  tlie  feeling  of  tension 
al)ove  the  eyes  becomes  one  of  actual  puin,  the  eyes  become  red 
and  filled  with  tears,  and  for  a  sliort  time  even  distant  vision  is 
inn>erfect.  Pain  in  the  eyes  themselves  is  rare  in  accommodative 
asthenopia. 

The  higher  the  degree  of  the  hypermetropia  the  earlier  the  age 
at  whicii  accommodative  astlienopia  appears.  In  the  middle  grades 
of  hypermetropia  it  develups  later,  and  it  may  bapj>en  tliat  the  hy- 
permetropia is  completely  masked,  up  to  the  limit  of  the  far  point, 
so  that  the  entire  hypermetropia  rcmainb  lutent,  while  the  eSTort 
of  aceommoitating  to  almost  the  near  |>oiut  is  so  gi*eat  tliat  it  can 
be  maintuineHl  uuly  for  a  short  lime. 

Slight  hypermetropia  may  exist  a  long  time  without  causing  any 
inconvenience.  The  eyes  gradually  accustom  themselves  to  com- 
bining witii  ever)*  convergence  of  the  visual  axes,  a  relatively 
strong  strain  of  the  accommodation,  and  to  mtiintaiu  the  same 
while  working.  But  as,  iu  the  course  of  years,  by  the  gradual 
witlidrawat  of  the  near  point,  the  absolfite  extent  of  the  range  of 
acconimadution  becomes  lessened,  just  so,  finally,  does  the  relative 
available  tension  of  accommotlation,  corresponding  to  the  degree 
of  convergence  necessary  for  wi>rk,  become  too  small.  Fatigue 
comes  on  sooner  and  so<jncr.  In  this  way  slight  hyi>ermetropia 
leads  to  premature  presl>yopia,  more  likely  to  be  eowpliuutcit  witii 
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osthennpic  diffipultiefl,  and  occurring  earlier  in  life  the  higher 
the  grade  of  the  hy|)ernietropia.  Of  couree,  the  occurrence  of 
ostlienopic  difficulties  is  favored  bv  all  debilitating  influenM* 
which  weaken  the  energy  of  the  muscular  system  in  general  and 
the  ciliary  muscle  in  particular.  Indeed,  after  prostrating  sick- 
DGSses,  after  severe  hemorrhagoa,  or  with  paresis  of  accommoda- 
tion, a.«^thenopic  difficulties  may  occur  without  the  existence  of 
any  hypermetropia. 

The  princi|>al  symptom  of  absolute  hy|)ermetropia  is  indistiiict 
vision  of  both  near  and  far  object!*,  and  in  such  a  condition  one 
of  the  most  prominent  features  in  asthenopia  is  wanting,  namely, 
distinct  vision  at  Hrst. 

There  often  exist  simultaneously  with  hyi>erme(ropia,  especially 
in  oonnectiou  with  the  higher  grades  of  it,  other  causes  for  de- 
fective vision,  such  as  astigmatism,  or  meridional  asymmetry  ;  not 
unfre<|uently  there  is  amblyopia,  for  which  there  exists  no  discov- 
erable cause,  and  which,  therefore,  must  be  considered  as  amblyopia 
pongcniti. 

A  very  characterii^ic  symptom,  under  these  circumstances,  is, 
that  such  ptitienttj  hold  objects  which  they  wish  to  see  distinctly, 
for  instance^  the  book,  when  reading,  as  near  as  possible  to  the 
eye ;  they  may  even  use  an  object  distance  of  from  1  to  2  inches. 
When  this  is  done,  as  Von  Cfracfe*  has  shown,  the  size  of  the 
retinal  images  increases  more  rapidly  than  that  of  the  circles  of 
diRiusion.  Moreover,  as  Ponders  remarks,  it  is  probably  in  these 
cases  more  a  question  of  monocular  jwlyopia  Hian  of  circles  of 
diftuaion.  Some  of  the  multiple  images  can  be  excluded  by  jiar- 
tially  dosing  the  lids,  or  in  monocular  vision,  by  holding  the  book 
on  one  side,  so  that  the  nose  covei's  a  part  of  the  pupil ;  both  these 
devices  are  practised  with  so  much  the  happier  effect  the  smaller 
the  pupil.  If  under  these  circumHtanccs  even  fine  print,  for  in- 
staiun?,  No.  I  of  tfie  usual  test  letters,  can  be  read  at  a  distance  of 
1  ineii,  this  wmild  indicate  an  acuteness  of  vision  of  only  about 
l^j,  for  the  retinal  images  mn>!t  be  ver}'  indistinct.  Such  patients, 
.by  practice,  have  learnc<l  to  draw,  from  very  imperfect  retinal 
B,  correct  conclusions  as  to  the  form  of  objects. 

The  anatomical  peculiarity  of  tlie  hypermetropic  eye  is,  that  all 
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iU  diametcnt,  and  particularly  ite  sagittal  diameter,  are  shorter 
than  in  emmetropic  ^yes.  Tlii»  tthortne^  of  the  axis  is  probuhly 
ilie  cause  of  the  hypennetropin  ;  at  least  there  are  uu  diseoverable 
cliau)j;eD  in  the  refmeting  media  wJiich  could  increaHe  the  focal 
dintJince.  Ophthalmonietrir  mea-vurenietit  has  sliown  that  t!ie 
curnca  is  nut  flatter;  liut  in  hi^li  grades  of  liypermetropia,  where 
its  circumference  is  smaller  than  normal,  ita  curvature  is  generally 
even  j^reater  than  iu  the  ummctropie  eye.  The  reason  tliat  it  a|>- 
jieara  Butter  is,  just  aH  in  presbyopia,  IxjcaUHC  the  anterior  chamber 
ib  shallower  and  the  pupil  Hnialler.  M'hether  in  hypermetropic 
eyci«  the  lens  is  Batter  than  u.'?ual  Is  not  known. 

A  further,  an<l  often  very  .striking,  jKculiarity  is,  that  in  hyper- 
mctropia  the  line  of  vision  deviates  inward  from  the  amtrc  of 
tlie  cornea  mueli  more  than  in  enimetropia  (eomp,  p.  42).  With 
parallel  visual  axes,  pcqxindiculars  let  fall  upon  the  centre  of  the 
eorneji  would  tlierefoi*e  tUverge  strongly,  causing  an  apparent  stra- 
bismus tUvergeus,  coueeruiug  which  we  have  yet  to  speak  more 
fully. 

Tlie  hyi>ern]€tropic  formation  of  the  eye  occurs  cougenitally.  E, 
von  Jaeger,*  byopththalmosctipic  examination  of  the  condition  of 
refraotion,  found  hyiiennetro])ia  in  17  cases  among  100  new-born 
infaiiU.  Hyperuictrupia  may  also  develop  during  the  gr^)\vtli  of 
the  eye.  A  hereditary  influence  i»  very  evident.  If  parents  have 
hypermetn>])itij  it  is  geuemlly  olfserved  in  some  uf  their  children 
also.  On  the  other  liaud,  several  brotlicrs  and  sisters  may  be 
hypermetropic  when  the  same  anomaly  did  not  exist  in  the  parents. 

It  iw  only  relatively  seldom  thai  hypermetropia  is  awjuired. 
The  removal  of  the  lens  Ironi  U^lund  the  pupil  (aphakia)  is  tlws 
most  frequent  cause  of  acquired  hypermetropia. 

G1uuct>iua  in  its  early  stages  may  also  perhaps  cuu^  hy[)erme- 
tropia.  TJie  Hattening  of  the  cornea  by  central  fatrets  may  cause 
a  high  degree  of  hy^»ermetropia  complicated  by  irregular  xstig- 
malism.  finally,  a  displacement  forward  of  the  retina  by  cho- 
n)idal  exudations,  or  a  flattening  of  the  posterior  part  of  the  eye 
by  orbital  tumors,  may  causae  liypennetropia. 

Tlie  existence  of  hypermetropia  is  provetl  wlienever  with  normal 
or  nearly  normal  acuteueee  of  vision  the  patient  sees  at  a  distance 
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as  well  with  convex  lenses  as  with  the  nako<l  eye.  Where  the 
acntcness  of  vision  is  oonsidorahly  less  than  normal,  this  nu'(ho<l  of 
cxnminution  is  unreliable,  betiiiise  the  eulurgoincnt  of  thu  ivtinal 
images  causeil  by  the  convex  lenses  may  improve  vision  withont 
the  preseneoof  In-permetropia.  In  snrh  vil^c^  iha  ciphthalmoeMH>pic 
diagnosis  shouM  be  made  ;  this  will  l)e  oxphiiried  later. 

In  «t=ps  of  hypcrmrtropia  complifatcd  with  amblyopia,  espe- 
cially when  botli  anomalies  exist  in  a  floraewhat  high  degree, 
tliere  is  often  no  result  attained  by  the  examination  with  convex 
lenses  and  test  letters.  Th»;  patients  s:iy  tliey  see  l>etter  i^ornctlmea 
with,  somctimca  without,  sometimes  with  weaker,  sometimes  with 
stronger,  lenses.  The  reason  for  these  contra<lictory  statementH  is, 
that  even  hvpermetropcs  with  good  vision  are  compplled  to  :ux'nm- 
modate  whenever  they  wish  to  see  anything  distinetly,  and  the 
necessity  so  to  do  is  still  greater  wh'Mj  tliero  is  amblyopia.  This 
act^uired  habit  of  straining  the  aecomniodation  for  tliu  sake  of 
distinct  vision  is  not  avoided  during  an  examination  with  convex 
lenses;  con«eqitently  it  is  impossible  to  attain  an  aprnrate  result. 
In  tlie  ophthalmoscopic  examination^  on  the  contrary,  thi^  patient 
has  no  necessity,  and  scarcely  the  possibility,  of  distinct  vision; 
he  relaxes  his  aceomm<wlation,  and  tlirn  with  the  <jpli[tl»almosw>|>e 
we  can  determine  the  existence  of  the  anomaly  of  ivfractlon  with 
(ortainty,  and  generally,  too,  its  degree  with  i^nfficicnt  exactness. 
By  reason  of  a  j>ermanent  tension  of  the  accomnKxiatiou,  a  i>art 
of  the  hyiwrmetropia  may  remain  latent,  even  tluring  the  oph- 
thalmoscopic examination. 

Even  with  good  vision  a  latent  tension  of  accommo!latii>n  may 
render  the  diagnosis  difficult.  In  such  cases  the  only  method  by 
which  to  ascertain  the  existence  of  hy]KTtnctn>pia,  and  (ktermine 
the  grade  of  it,  is  to  paralyze  temporarily  the  accommodation  by 
atropine. 

Hy|»ermetroi>e3  generally  seek  treatment  either  on  account  of 
accommodative  asthenopia  or  for  indistinctne-ss  of  vision.  Both 
difficulties  may  occur  very  early  in  high  degrees  of  hypermctropia. 

The  relief  of  asthenopia  is  no  longer  difticult,  sinct^  Donders 
hss  sn  successfully  comltated  the  error  which  would  forbid  the 
lue  of  strong  convex  glasses  to  young  persons. 

If  in  connection  with  accommodative  asthenopia  the  usual 
maaifi^t  hypcrmctropia  exist,  it  generally  sufiSces  to  correct  this ; 
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that  is,  to  ortler  the  strongest  convex  lenses  with  which,  during- 
the  ejcuniinatitfu,  distinct  di^stant  vi-sion  us  po&siUIc.  Such  glasses 
generally  relieve  the  a.sthenoj>ic  diflicuUies  immediately.  It  may 
li(i|i]K'n  that  glasses  which  correct  simply  the  manifest  hyperme- 
tropia  nevertheless  apjx-ar  tu  the  patient  to  be  too  strong;  the 
work  must  l)e  brought  nearer  the  eye  timn  uanal,  so  that  an  un- 
wonted convergenec  of  tlic  visual  axes  is  retjuircd;  the  objects 
ap[)car  dii^tlnct,  it  is  true,  but  unpleasantly  magnified,  etc. 
Chiefly  is  this  the  case  \vith  such  hypennetropes  as  have  long 
been  accustomed  to  work  without  any  or  with  too  weak  convex 
glasses,  and  have  thereby  acquired  the  habit  of  combining  the 
convei^cncc  of  the  visual  axes  necessary  to  their  pursuits  with  a 
relatively  strong  tension  of  accommodation  ;  they  cannot  give  up 
the  habit  even  when  properly-chosen  convex  glasses  render  actxini- 
modation  necessary.  Under  these  circumstances,  somewhat  weaker 
glasses  generally  relieve  all  difficulties. 

On  the  otlier  hand,  it  may  luij>[)eii  that  tlie  correction  of  the 
manifest  hypermetropia  is  not  sufficient,  and  that  for  entire  relief 
of  the  astheuopic  symptoms  titrougcr  convex  glasses  are  necessary. 
Of  course  this  is  always  the  case  when  the  range  of  accommoda- 
tion hi  diiniiiiishGd  by  the  development  of  presbyopia. 

If  the  difficulties  of  accommodative  asthenopia  exist  while 
there  is  no  manifest  hypermetropia,  or  only  a  very  slight  degree 
of  it,  there  is  no  course  left  but  to  paralyze  a«iomniodation  by 
atropine,  and  then  Uy  determine  if  liyiKirnu-tropia  exist,  and  if  so, 
in  what  degree.  It  is  advisable,  however,  to  limit  tlic  use  of  atro- 
pine as  much  as  possible,  since  its  effects,  when  applied  in  sufficient 
quantities  to  produce  absolute  jwiulysis  of  the  nniscte  of  uccom- 
niodation,  last  several  days,  and  during  tiiis  time  the  patient  is 
ill  a  very  unconifurtable  condition.  If  latent  hypermetropia  l)e 
found,  then  would  the  neutralizing  convex  glass  be,  as  a  rule,  too 
strong;  it  is  advisable  to  neutralize,  then,  only  the  manifest  and 
perhaps  \  of  the  latent  hypermetropia.  If,  as  rarely  Imppcns, 
the  asthenopic  symptoms  do  not  yield,  in  spite  of  p roper ly-cliosen 
convex  glasses,  we  must  look  for  other  co-existing  affections  which 
might  cause  similar  troubles,  for  instance^  astigmatism,  nuiscular, 
conjunctival,  or  nervous  asthenopia. 

So  long  as  iu  facultative  hy{>ermctropia  the  aocomnioJation  is 
sufficient  to  give  distinct  distiint  vision,  it  is  not  advisable  to  allow 
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the  nsc  op  cf»nvex  lenses  mntinunusly,  and  for  <listance.  Other- 
wise the  time  will  soon  come  when  the  correcting  convex  lenses, 
with  which  distant  vision  is  good,  will  not  (hj  strong  enough  fop 
n«ir  (ihjwts.  In  absolute  hyiH?rmetropia,  on  the  other  hand, 
whether  it  appear  in  early  youth  or  is  developed  in  conseqnence 
of  presbyopia,  from  hypiirmelropia  that  was  originally  facultative, 
correcting  convex  glasses  may  be  worn  continuously.  In  young 
]»eoplo,  such  glasses  are  generally  sufficient  for  all  pur]>o8e9,  while 
later  in  life,  for  near  vision,  it  bocotnea  necesvHar)-  to  wear  glasaea 
which  correct  the  hypermetro]>ia  and  the  presbyopia  as  well. 

The  relation  between  liypprinctrf>pia  and  strabismus  convergens 
will  be  dt!?cutsed  under  the  title  ^'  diseases  of  the  otailar  muscles." 


ASTIGMATISM. 

AVe  have  shown  that  in  the  normal  emmetropic  condition  of 
refraction,  rays  of  light  wliit^h  fall  pai-allt-l  upon  the  cornea,  with 
absolute  rest  of  accommodation,  are,  after  refraction,  focused 
exactly  upon  the  retina. 

If  the  place  of  the  image  oa^t  by  a  distant  luminous  point  be 
not  upon  the  retina,  it  must  be  either  before  or  iMihind  it,  and 
looked  at  from  this  point  of  view  there  seem  to  be  but  two  anoma- 
\iw  of  refraction  possible,  viz.,  myopia  and  hypermctropia.  There 
is,  however,  a  third,  de[>endent  ii]Min  the  fact  that  rays  of  light 
prooce<ling  from  a  given  poilit  (liomoeentric  light)  do  not  in  gen- 
eral, after  their  refraction  in  the  eye,  remain  homooentric.  Ety- 
inologieally,  the  word  astigmatism  expresses  nothing  more  than 
that  condition  In  whicli  homocentric  rays,  after  their  refraction  in 
the  eye,  do  not  intersect  each  other  again  in  one  mid  the  same 
point.  The  fact  that  to  most  men  the  stars  do  not  ap])«ir  as  rouml 
dots,  but  star-shapwl,  proves  the  fr(y|uency  of  these  aberrations. 

In  fact,  the  human  eye  shows  the  same  defects  whicli  we  seek 
to  correct  in  an  optical  instrnmcnt,  or  which  not  being  corrected  we 
would  regard  as  a  fault.  These  aberrations  exist  too  in  a  quite  high 
de^^^ree.  Chromatic  aberration  is  least  noticeable,  although  the  eye 
is  by  no  means  free  from  it ;  nndor  ordinary  circumstances  it  does 
not  affect  tlie  acuteuess  of  vision,  Tlie  monochromatic  alwrra- 
tious  of  the  eye  are  more  important,  and  are  complicated  to  a  high 
degree.     For  our  present  p»u*[X)se  we  must  distinguish  between 
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(a)  An  aberration  afflicting  those  rays  wbich  are  refracted  in 
one  and  the  same  meridian,  and 

{&)  An  aberration  dependent  upon  differences  in  the  focal  length 
of  the  various  meridians  of  the  refracting  apparatus. 

The  first,  which  is  udled  irregular  astigniatLsiii,  depends,  under 
pliysio logical  relations,  (wirtly  upon  tlie  ff>rn»  of  the  cornea,  but 
mostly  upon  irregularity  of  refraction  in  the  lens.  In  the  first 
place,  its  curved  surfaces  are  not  centred  with  tlio«eof  the  cornea; 
further,  the  refraction  in  the  various  sectors  of  the  lens  varies,  so 
that  each  sector  casts  au  image  wiiich  docs  not  coincide  with  that 
of  the  sector  lying  opposite  and  on  the  same  meridian  with  it,  and 
finally,  ea<;h  image  of  each  sector  i)os.se}vses  an  aberration  of  its  own.* 
Under  pathological  conditions  irregular  astigmatism  is  oftenest 
cause<l  by  elomlintsis  of  the  cornea  and  jurtial  <lou«lincs«of  the  lens. 
The  aI>erration  depending  upon  inequality  of  the  dioptric  ap[>a- 
ratus,  in  its  different  meridians,  is  called  regular  astigmatism,  or 
meriilional  asymmetry. 

It  ap|X!ars  to  be  only  seldom  that  meridional  asymmetry  is 
absent.     The  near  |K>int  of  most  eyes  lies  nearer 
Fio.  12.  f^,[.  liorizontal  tlmn  for  verliciil  linos,  and  ihesarue 

sytnptom  ciui  also  be  shown  for  the  iiir  point,  if 
when  myopia  is  not  already  present,  the  far  point 
Ix:  brought  nearer  by  means  of  a  careful ly-oeulred 
convex  glass. 

Ttie  physiolc^ieal  meridional  asymmetry  of  the 
cornea  has  been  demonstrated  objectively  by  oph- 
thalmometric  measurement.  In  the  majority  of 
cases  the  vertical  meridian  was  shown  to  have  a 
sliortcr  i-odius  of  curvature  than  tlic  horissontal, 
attliuugh  the  principal  meridians — that  is,  tho«HS 
liaving  the  greatest  and  least  curvature—do  not  by 
any  means  stuud  always  in  a  vertical  and  hori- 
zontal position.  The  manner  in  which  light  is 
refracted  by  such  asymmetric  surfaces  was  long 
ago  investigated  by  Sturm.  He  found  (comp. 
Fig.  12)  that  a  homoceutric  beam  of  light,  after 
refraction  by  au  asymmetric  surface,  is  not  united  at  a  focul  pointy 
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Imt  espcricnees  its  greatest  amoentration  within  a  certain  interval, 
which  is  called  the '*  focal  interval;"  this  interval  is  Ixmmlwl  Uy 
two  line.-;,  the  anterior  (h  A')  am!  iM)3lcrior  {v  v')  focal  linet?,  which 
inclnde  all  the  rays. 

The  place  of  the  anterior  focal  line  is  determinefl  bv  the  foea] 
diHtance  of  the  meridian  of  greatest  (  V),  and  its  dii-ection  bv  tlie 
direction  of  the  meridian  of  Iai.st(/f),  curvatnre.  A  circle  of  dif- 
fusion is  ftirnied  at  the  niiddle  of  the  fo«d  interval.  The  posterior 
fwal  line  stands  at  riglit  angles  witii  the  anterior  one ;  its  place 
is  determinwl  by  the  fnital  distance  of  the  meridian  of  least  curva- 
ture ;  its  direction  is  in  the  plane  of  the  meridian  of  greatest 
curvature. 

The  greater  the  aflymmetry,  the  longer  the  focal  interval,  and 
the  longer  the  focal  lines  which  bound  it. 

We  can  now  easily  understand  the  different  adjustment  of  the 
eye  for  horizontid  and  vertical  lines.  If,  for  instance,  the  meridian 
of  »hortcst  focu!  di^^tancc  be  vertitsil,  and  that  of  lonj!;cst  focal  dis- 
tance liorizontai,  then  will  tlie  anterior  focal  line  have  a  horizontal, 
and  the  posterior  a  vertical,  direction. 

A  horizontal  line  whose  retinal  imaf^e  coincides  with  the  anterior 
focal  line  will  appear  perfectly  distinct,  except  at  each  end,  for  a 
distance  c<pial  to  hall"  ihu  Icnj^th  of  the  iliHiiso  image  lhri)wn  fmm 
each  and  every  individual  jMjint  of  the  line,  since  the  ditfui^e  images 
from  all  its  points  are  again  Imrizontal  lines  wiiicli  overlap  each 
olJier.  A  vertical  line  at  the  srime  di.st;nKrc  will,  on  the  wmtrary, 
appear  broad  and  indistinct,  because  each  of  itB  points  casts  a 
horizontal  diffuse  image;  the  vertical  lino  can  cast  a  distinct 
imupt?  only  by  snch  an  effort  of  accommodation  as  Is  necessary  to 
bring  the  posterior  focal  line  upon  the  retina.  Of  course,  iu  that 
case,  the  horizontal  line  iK^xinies  indistinct,  and  tndes?  the  accom- 
modation is  chtuigcil,  it  must  be  brought  nearer  the  eve  iu  order 
to  be  seen  distinctly.  This  explains  why,  as  a  rule,  horizontal 
lines  c^n  be  seen  at  a  nearer  distance  than  vertical  ones.  It  fol- 
lows that  in  the  higher  grades  of  meridional  asymmetry  only 
those  lines  whase  directions  corresponil  with  one  of  the  priiici[)al 
meridians  can  cast  distinct  retinal  images. 

A  cortiiin  degree  of  meridional  asymmetry  exists  in  all  eyes, 
and  cannot  Uicrefore  be  regarded  as  abnormal.  It  can  be  called 
abnormal  only  when  it  exists  to  such  a  degree  that  acuteness  of 
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vision  suffers  noticeably.  This  is  so  much  the  more  the  case  the 
larger  the  pupil,  the  length  of  the  focal  interval  being  the  same. 
IntliHLinetne38  of  vision  is  the  first  difficulty  of  which  ustigmntics 
complain.  In  fact,  under  no  circumstances  do  they  receive  from 
any  objcot-poiut  a  distinct  image-point  upon  the  retina,  but  always 
areas  of  diffusion,  which  are  round  wlion  tlie  retina  is  at  the  middle 
of  the  focal  interval,  hut  which  at  the  ends  of  the  focal  interval 
are  oval  or  nearly  linear,  in  a  dire<.'tion  corresponding  with  that  of 
the  principal  meridians.  In  gencnd  they  can  see  distinctly  only 
such  lines  as  are  parallel  with  one  of  the  princi|>a]  meridians. 

Astigniatics,  on  account  of  their  indistinctness  of  vision,  are 
seldom  capable  of  working  continuously.  Now,  if  hyiK-rmetropia 
exist  in  connection  witli  astigmatism,  the  symptoms  of  asthenopia 
are  the  more  likely  to  occur,  for  the  astigmatic  is  generally  com- 
pelled to  use  short  distjincK  ior  working.  In  onlcr  to  conijwnsate 
by  the  size  of  the  retinal  images  for  what  they  lack  in  distinct- 
ness. Even  when  only  one  principal  meridian  is  hypermetropic, 
it  is  suflTicieut  cuase  for  the  occurrencx:  of  accommodative  asthe- 
nopia. If,  for  instance,  the  vertical  principal  meridian  be  emme- 
tropic nnd  the  horizontal  one  by |>crme tropic,  then  will  a  distant 
IK>int  a]vpcrtr  upon  the  retina  :ls  a  horizontal  line, — that  is,  the  ante- 
rior, in  tliis  case  horizontal  foca!  line,  falls  u\>ou  the  retina.  Hori- 
amtal  lines  nppcar  distinct,  vortic:d  lines  indistinct.  But  in  onler 
to  judge  awunitely  the  form  of  an  object  it  is  necessary  to  see  its 
vertical  lines  distinctly,  because,  with  reference  to  the  horizontal 
lines,  the  bi[iocuIar  parallax,  that  Is,  the  angle  of  convergence  of 
the  visual  axes,  has  no  determined  size,  and  therefore  is  of  no  help 
in  judging  of  distance.  In  order  to  see  distinctly  at  a  distance, 
the  astigmatic,  just  as  the  hyi>ermetroi>e,  is  compelled  to  make 
au  effort  of  accommodation  corrcs]xinding  to  the  hypcrmctropia  in 
the  Iiorizonta!  meridian,  in  order  to  bring  the  ]>ft*iturior  vertical 
focal  line  upon  the  retina,  and  so  to  see  vertical  lines  distinctly. 
An  effort  of  aocommodation  is  necessary,  even  when,  in  order  to 
i-eceive  from  every  object-point  as  small  a  circle  of  diffusion  as 
possible,  the  middle  of  the  focal  interval,  and  not  the  posterior  focal 
line,  is  brought  upon  the  retina.  The  same  is  true  for  near  vision  ; 
the  demand  upon  the  accommo<lation  is  always  greater  than  in 
emmetropia.  On  account  of  the  preponderance  of  vertical  lines 
in  our  letters  it  is  advantageous  when  reading  to  bring  the  )>oste- 
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rior  focal  line,  when  it  has  a  vertiral  tlireotlon,  upon  the  retina, 
although  it  involves  a  greater  effort  of  arcommodation.  If  hypor- 
metropia  exi^t  in  Iwith  principal  meridians,  hut  in  different  degrees, 
accommodative  asthenopia  is  so  niiioh  (he  more  likely  to  occur. 

The  relations  arc  more  favonible  when  enunetropia  exists  in 
the  horizontal  principal  meridian  and  niy(>[iia  in  the  vertical  one. 
With  perfect  rest  of  the  aoconimodation  tlie  posterior  focal  line 
falls  then  npon  the  retina,  and  vertical  lines  are  therefore  distinctly 
seen,  while  by  narrowing  of  tlie  i>alpebral  fissure  the  circles  of 
diffusion  arc  made  snmller,  and  horiaontal  lines  are  also  seen  more 
distinctly.  AstiginaticH  oRou  avail  themselves  of  this  advantage. 
If  the  directions  of  the  principal  meridians  he  neltlier  exactly  ver- 
tical nor  horizontal,  astigmatics  of^cn  assume  instinctively  an  in- 
clined position  of  the  heiul,  by  which  that  principal  meridian  lx?st 
suit^l  to  the  purposes  of  vision  is  placed  in  the  most  advantageous 
position. 

Astigmatics  do  not  generally  complain  of  oilier  optical  disturb- 
ances which  arc  the  necessary  ivsult  of  meridional  asymmetry, 
such,  for  instance,  as  that  a  sipiare  appears  elongated,  and  a  circle 
elliptical. 

If  congenital  amblyopia  (V=l  or  \  or  -f^)  give  reason  to 
suspect  the  existence  of  astigmatism,  the  vision  for  distance  is  first 
to  be  determined,  and  it  is  then  to  be  tried  if  any  improvement 
can  lx»  made  with  concave  or  cfinvex  glasses;  for  astigmatism  may 
exist  with  either  myopia  or  hypermetropia.  If  spherical  lenses 
causp  no  improvement,  or  if  they  cause  slight  improvemeut,  but 
not  distinct  vision,  it  is  next  to  be  determined 

(1)  If  meridional  asymmetry  exists? 

(2)  What  is  the  direction  of  the  principal  meridians? 

(3)  What  is  the  condition  of  refraction  in  each  of  the  principal 
meridians? 

The  first  two  questions  can  generally  be  determined  by  oph- 
thalmoecopic  examination.  For  the  functional  examination  it 
is  best  to  use  certain  systems  of  lines.  Javars*  ojHumeter  is  a 
contrivance  with  which  to  deterraiiie  the  existence  of  astigmatism. 
Instead  of  this  implicated  instrument  wc  may  use  u  system  of 
liDCfi  placed  at  a  definite  distance;  the  patient  looks  at  these  lines 
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with  each  eye  separately,  and  it  is  determined  experimentjdiy 
with  what  lens  his  visiim  is  most  iniprnvwi.  Among  these  svr- 
tems  of  lints  arc  Becker^s,  and  the  letters  of  Pray  and  Heynmnn, 
or,  perhaps  the  verj-  best,  those  which  nocompimy  Snellen's  te«t 
letters,  and  which  arc  i?ho\vn  nn  a  re<lneed  scale  in  Fig.  13.  The 
lines  are  armnged  in  tin?  form  of  a  Iiulfstar,  since  a  figure  of  that 
shape  embraces  lines  running  in  every  oonoeivablc  direction. 
Their  deviation  from  the  juTiH'ndicular  is  expresseil  in  degrees, 
which  are  marked  with  the  positive  ?ign  on  the  right  nidc  of  the 
j)erpojidioidar  and  with  the  negative  sign  on  the  left. 
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The  lines  are  placed  at  a  distance  suited  to  the  vision  of  tlie 
patient,  and  he  Ls  directed  to  look  at  them  with  one  eye  while  the 
other  is  eovere<l.  If  concave  or  convex  glasses  imprt>ve  distant 
vision,  the  examination  is  to  be  conducted  with  their  help.  Care 
should  \i€  taken  that  the  head  be  held  erect,  and  that  the  eyes  be 
well  opene<l,  so  that  the  palpebral  fissure  does  not  act  as  a  steno- 
paic  slit.  If,  for  instance,  there  be  erametropia  in  the  horizontal 
and  myopia  in  the  vertical  meriilian,  then  will  a  distant  luminous 
point  throw  itjt  inmge  upon  the  retina  in  the  form  of  a  vertical 
line,  since  the  posterior  focal  line,  which  in  this  case  Ls  vertical, 
falls  with  relaxed  acc<:mimodatirvn  exactly  on  the  retina. 

Conscfjuently,  only  the  vcrti<*:d  lines  in  the  figure  will  l>e  seen 
distinctly,  the  others  being  less  sharply  defined.  If,  on  the  con- 
trary, there  be  hypcrraetropia  in  the  horizontal  and  emmetrnpia  in 
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tlic  vertical  mcrlduinj  tJien  oiily  the  horizontul  Unc«  cast  dutinct 
ivLinal  images.  For  the  sauiL'  rui^on^  would  one  or  the  other  of 
the  inclined  lines  appear  dit^tinrt  if  the  dii-ection  of  iIh?  princlpul 
Dieridiuns  were  not  exactly  vertical  or  horizontal.  It  18  next  to 
-,be  experimentally  aH^eriained  what  concave  or  convex  oylindrieal 
lens  corrects  the  meridional  asymmetry  and  causes  all  tlie  lines  to 
appear  e<^{ually  diBtiiict. 

In  order  to  determine  more  exactly  the  condition  of  refraction 
in  each  of  the  principal  nieridiann,  a  ctcnoj)aic  slit  with  a  Ucadth 
of  1  or  2  miUimetrc!i  uhuuld  he  held  before  the  eye  in  a  direction 
oorre*ipomling  with  thut  t>f  the  line  wliich  i«  seen  most  distinctly  ; 
the  condition  of  rcfra<!tion  iji  the  principal  mcriiHan  i.s  then  to  be 
determined  in  the  usnal  manner  by  the  aid  of  concave  or  convex 
lenses;  the  slit  is  then  to  l>c  phu-cd  at  an  angle  of  90°  with  its 
former  |»osition,  and  tfie  condition  of  refraction  in  the  second 
principal  meridian  to  be  determined  in  the  «imc  way.  Tlie  dif- 
ference between  the  condition  of  refraction  in  tlic  two  principal 
lueridiane  shows  the  degree  of  the  astigmatism. 

If  one  of  the  principul  meridians  is  emmetropic,  Dondcrs  calls 
the  asymmetry  '^simple  astigmatism."  He  distinguishes  a  simple 
myopic  and  a  simple  hypermetropic  fiirm  ;  genendly,  in  the 
myopic  form  the  emmetropic  principal  meridian  i-s  horizontal, 
[]d  in  tlie  hypermetropic  form  it  is  vertical. 

ComiM>nnd  astigmatism  is  wSiere  the  same  anomaly  of  refraction 
exists  in  both  principal  meridians,  but  in  a  (bUereiit  degree;  there 
may  be  myopic  or  hypermetropic  compound  astigmatism. 

Mixed  a-stigmatism  is  where  myopia  exists  in  one  principal 
meridian  and  hypermetropia  in  the  other. 

Donders*  has  made  numerous  oplilhalnmmetrie  measurements 
of  tlie  curvature  of  tlie  corncji  in  e:^!^es  of  regidar  astigmatism. 
lie  has  proved  tluit  a  considerable  merlilional  asymmetry  of  these 
curvatui-es  must  l>e  reganlcd  as  the  principal  t^use  of  this  anomaly 
of  refraction.  Still,  he  found  that  neither  the  degree  of  astigma- 
tisiQ,  as  calculated  Iroiu  the  ditfcrciice  of  curvature  of  the  cornea 
in  the  principal  meridians,  nor  the  directioti  of  thai-e  meridians, 
corresponds  absolutely  with  the  actual  ctnidition  of  refraction  of  the 
entire  refracting  apparatus  of  the  eye,  obtained  experimentally. 
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The  degree  of  astigmatism  for  the  entire  eye  is  generally  less 
than  can  be  calrulatod  from  the  asymmetry  of  the  cornea,  and 
consequently  les.s  than  it  would  be  if  only  the  corneal  asymmetry 
were  conoerne<l. 

Carrying  his  calculation  still  further,  Donders  arrive<l  at  the 
conclusion,  that  up  to  a  certain  degree  the  asymmetry  of  the  cor- 
nea ia  compensated  lor  by  a  similar  but  op|)osite  asymmetry  in 
the  lens.  The  maximum  of  curvature  in  the  lens  is  still  more 
constantly  in  the  horizontal  tlian  tliat  of  the  cornea  is  in  the  ver- 
tical direction.  Asymmetry  of  the  lens  alone  seems  scarcely  ever 
to  occur.  If,  however,  the  asymmetry  of  the  corma  exist,  there 
is  almost  certain  to  be  asynmietry  of  the  lens  also.  Generally, 
however,  that  of  the  cornea  is  the  greater,  and  the  resulting 
refractive  effect  approaclies,  therefore,  more  nearly  that  of  the 
comea. 

From  exact  statistics  which  Snellen*  compilctl  with  reference 
to  the  principal  meridians,  he  found  the  meridian  of  shortest  focal 
length  to  be  exactly  verticixl  in  50.5  per  cent,  and  to  be  horizontal 
ill  9  per  cent,  of  all  ca^^es;  in  40.5  per  cent,  of  all  cases  its  direc- 
tion was  found  to  be  about  as  often  in  one  as  in  another  of  tlic 
other  directions.  The  direction  of  the  principal  meridians  in 
both  eyes  is  generally  symmetric.  There  exists  no  essential  ilif- 
ference  iu  reference  to  the  direction  of  the  meridian  of  shortest 
focal  distance  iu  myopic  and  Jiypcrmetroplc  astigmatism  ;  in  this 
respect  (lie  degree  of  the  astigmatism  seems  to  exert  no  iuHuence. 

Correction. — All  tlie  symptoms  of  regular  astigmatism  may 
be  illustnitcfl  by  the  help  of  oyliiulriwd  lenses,  which  cause  the 
same  asymmetric  refnictiun  of  light  jih  occurs  in  astigmatic  eyes. 
From  this  it  is  e^ndcnt  tJiat  regular  astigmatism  can  be  corrected 
by  cyliudrioil  lenses,  which  have  the  same  degree  of  asynimetry, 
but  which  act  in  an  opposite  sense. 

The  degree  of  the  astignuUlsm  gives,  therefore,  the  number  of 
the  positive  or  negative  oylindriml  lens  nec€a9ary  for  its  correction. 

Theoretically,  it  luakeji  no  dii!urence  whether  we  increase  the 
focal  distance  of  tlie  vertical  meridian  till  it  efpials  that  uf  the 
horizontal  meridian,  by  means  of  a  concave  cylindrical  lens,  with 
its  axis  held  iu  a  horizontal  direction,  or  whether  we  etjualize  tlie 
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condition  of  refraction  in  the  two  principal  meriiHans  by  in- 
creasing llie  refmction  in  the  horizontal  incridiun  l>v  means  of  a 
convex  Ivns  with  its  axi.s  vertical.  In  praoticp,  however,  each  [«\r- 
ticular  case  will  present  ^rouiul^  upon  which  to  dcciUe  whether 
concave  or  oonvex  glasses  sfiouUl  be  u^ed. 

If  there  Iw  emnictropia  in  the  vertical  meridian  and  H-^  in 
the  horizontal  meridian,  then  will  a  cylindrieal  lens  of  -}-  -jly  cor- 
rect tJie  error,  if  it  be  held  with  its  axis  vertical  before  the  eyej 
since  mys  of  light  which  diverge  in  the  plane  of  the  axis  of  the 
cj'linder  Huffer  no  rttfraction,  while  mya  which  diverge  in  a  plane 
at  right  angles  to  the  axis  exixirience  a  refraction  proportionate  to 
the  radins  of  curvature.  Or  f^uppose  that  in  the  vertical  meridian 
M^  ItQ  found,  and  iu  the  horizuutal  meridian  M^^^  then,  since 
i  — j|lj=  ^,  A&^  is  present,  and,  according  to  our  classitication, 
it  is  oomimnnd  myopic  a.-isligmatism.  A  cylindrical  lens  — jl^c 
is,  iu  this  case,  sufficient  to  correct  the  astigmatism  ;  held  before 
U»e  eye,  with  its  axis  horizontal,  it  does  not  atlect  the  myopia 
cxisHng  in  that  meridian  ;  its  eurvetl  surfaces,  however,  d^>  reilucf 
the  myopia  in  the  vertical  meridian,  but  do  not  iieaU*alizc  it, 
since  M^ — iV^^A*  '^''*^  astigmatism  Is  then  corrected,  since 
M^^  exists  in  both  priuoit>al  meridians. 

For  near  objects,  under  these  eircunistam-cs,  a  concave  cyliu- 
dricnl  lens  (  — tV*)  suffices,  but  for  dis^tinct  distant  vision  it  is 
neoesBary  to  correct  the  myopia  by  a  spheriad  lens.  A  spliero- 
cylindrical  lens  — tV^^^s*****  ^vould  neutralize  at  the  same 
time  the  astigmatism  and  the  myopia,  and  such  lenses  hhould  be 
employed  under  the  same  restrictions  as  correcting  concave  glasses 
in  gonend.  In  ooin{}ound  hyj>ermetropic  astigmati.'fm,  on  the 
contrar)-,  it  is  always  necessary  to  correct  the  Iiypermetropia 
which  exists  after  the  correction  of  the  astigmatism  ;  this  i^  done 
'by  convex  sphero-cylindrical  lenses.  Wlien  there  is  not  suffKieut 
r«ccommodative  power,  it  may  be  necessary  to  bring  the  far  point 
somewhat  nearer  to  the  eye. 

Mixed  astigmatism  is  also  corrected  by  sphero-cylindrical  lenses. 
If,  for  inslauce,  there  be  M^^  in  the  vertical   and  11^  in  the 


*  As  iiidicKtea  uli^inntiiin ;  c  =^cylindricoI ;  s^spherical;  O  iodicutea 
thftt  ft  •phericftl  curved  «urf«co  is  combined  witJj  n  cylindrical  curved  lurfacQ 
lo  form  B  sphero-cylindrical  lens. 
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horizontal  mcridinti,  we  have  AsJ  ;  for  since  the  value  of  the  hy- 
perraetntpiu  niiwt  in  our  eulculntion  be  affected  with  the  negative 
sign,  we  have  tV"  (— 2^)  =  iV  ^  A"  =  i-  ^^  "***'  ^^^  plaee 
before  the  eye  a  cylinclriml  convex  lens  of  8  inches  focal  distance 
(Jc),  with  its  axis  jilurtHi  vertie:il]y,  the  myopia  in  the  vertical 
meridian  remains  uiiclianged;  the  liy|>orinetrojHa  in  tlvc  horizontal 
meridian  is,  on  the  eontmry,  so  much  over-corrected  tLat  MjJj- 
is  the  result  (J  —  ^^■=.^i^).  Fur  distinct  distant  vision,  therefore, 
there  must  be  added  to  the  cj'limirictil  lens  ^,  a  6{^cricul  curved 
surface  of  — ^. 

Instead  of  sphei-o-cylindrieal  lenses,  one  may,  in  all  nasef,  choose 
bi-cyliadrical  lenses  with  their  axes  crossing  each  other  at  right 
auglei^,  since  in  that  cose  each  of  the  cylindrical  surfaces  oorrecCs 
the  ametropia  of  one  of  tlie  principal  meridians. 

The  improvement  of  viMon  to  l>e  attained  by  the  use  of  cylin- 
drical glasses  varies  greatly,  according  to  whether  the  defect  of 
vision  <le|iendH  tijKin  regular  a.«tigniatism  alone,  or  whether  com- 
plications exist.  A  very  considendile  di^ree  of  irregular  astigma- 
tism often  c(»mplicutes  regular  astigmatism;  tins  ap|>cars  to  be 
ea]>eeiaUy  true  of  those  cases  in  which  the  asymmetry  is  princi- 
pally in  the  lens.  Moreover,  it  is  very  probable  that  astigmatism, 
like  hypernictropia,  is  often  complicated  by  congenital  amblyopia. 
These  two  circumstances  explain  the  fact,  that  often  no  improve- 
ment in  vision  is  to  be  obtained  by  the  use  of  cylindrical  lenses  in 
cases  where  the  presence  of  regular  astignuilism  can  be  recognized 
with  certainty  by  ophthalmoscopic  examination.  The  same  causes 
often  make  it  dillicult  to  determine  exactly  the  degree  of  the 
astigmatism.  Upon  examination  with  the  stcnopaic  slit,  vision  is 
equally  bail  or  good  witli  a  series  of  spherical  lenses,  and  it  is  im- 
ixiflsible  to  say  which  expresses  the  degree  of  refraction  wtrretTtly, 
One  attains  about  the  same  result  when  he  seeks  empirically  for 
tliat  cylindrical  glass  with  which  vision  is  best.  He  will  find, 
just  as  in  the  examination  with  the  stcnopaic  slit,  that  cylindrical 
lenses  with  quite  difl'erent  fix-jd  lengths  jwrform  eqtml  service.  In 
tlie  taise  of  ixjucave  cylindrical  lenses,  we  follow  the  rule  for  the 
choice  of  concave  spherical  lenses,  and  order  the  weakest,  with 
which  equally  goml  vision  can  be  attained.  But  with  convex 
C)'lindrieal  glasses  it  is  not  important  to  oli^ervc  the  analogy  of 
practice  in  hvjwrmetropia,  and  choose  the  strongest  with  which 
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dij^tant  vision  is  relatively  best,  since  on  looicing  obliquely  through 
the  lensty^,  an  act  inipa^isible  to  avoid  in  wearing  spectacles,  the 
ryliniliical  lenses  lose  their  centring  ami  cause  distortion  of  tlie 
retinal  images,  which  is  bo  much  the  more  disturbing  the  shorter 
the  focal  length  of  the  lens. 

Cylindrical  lenses  give  great  relief,  even  in  cases  where  they 
produce  no  complete,  hut  only  a  ])artial,  correction  of  vision. 
Fn-^iucntly,  accommodative  u.stheri(>pia,  which  «mnot  be  over- 
come by  spherical  convex  glasses,  disappears  after  correction  of 
the  astigmatism,  even  where  normal  distinctness  of  vision  cannot 
l>c  attiiined. 

In  a  very  respectable  minority  of  cases  the  correction  of  vision 
attainable  by  cylindrital  lenses  is  entirely  satisfactory. 

Mention  must  l)e  llually  made  of  the  Stokes  lens,  an  ingenious 
instrument  which  may  be  used  for  the  diagnosis  of  a.«tigmatLsni. 
It  ccHisists  of  two  piano-cylindrical  lenses  of  equal  foeal  distiince, 
the  one  concave,  the  other  convex,  li'  these  be  place<l  with  their 
plane  surfaces  in  apposition  an*!  their  axes  pamllcl  to  each  other, 
then  the  cylindrital  surfaces  are  also  parallel,  and  the  instrument 
exactly  like  a  glass  with  plane  surfaces.  If,  however,  one 
jflaBB  be  so  turned  that  its  axis  forms  an  angle  of  90°  with  the 
pftxis  of  the  other,  there  then  exists  an  afsymuietry  wluKse  value 
equals  the  entire  difference  of  the  two  lenses,  if  f(»r  instance  the 
two  combincfl  glasses  have,  the  one  a  positive  and  the  other  a  neg- 
ative focal  distance  of  10  inches,  then,  with  jMimllel  axes,  they  will 
act  as  a  plane  glass;  with  axes  cnjssing  each  other  at  right  angles 
the  opticid  value  of  the  asymmetry  is  -j^  =  |^.  Any  desired  degree 
of  asymmetry  up  to  this  maximum  may  be  produced  by  the  revo- 
IntioD  of  the  lenses,  consequently  every  degree  may  be  corrected 
alfio. 

In  the  practical  use  of  this  instrument  it  is  to  be  remembered 
that  all  Is  not  done  when  the  meridional  asymmetry  is  corrected. 
If  the  condition  of  refniction  in  both  principal  meridians  Ix?  re- 
doccfl  to  one  sind  the  same  degree  of  myopia  or  hypcrmctrijpia,  we 
must,  in  order  to  make  this  step  of  any  practical  value,  still  fur- 
ther determine  the  <legree  of  the  remaining  myopia  or  hyperme- 
tropin. 

An  exact  manipulation  of  this  ingenious  instrument  has  there- 
fore its  special  difficulties,  and  since  cylindrical   glasses  are  so 
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easily  obtained,  their  me  is  generally  preferable  to  that  of  Stokes's 
leu8. 


DIFFERENCE   OF   REFRACTION  IN  THE  TWO  EYES  (ANISO- 
METROPIA). 

As  a  rule,  both  eyes  have  the  same  ooudition  and  degree  of  re- 
fraction, although  slight  differences  of  perhniw  ^,  or  even  loss, 
are  quite  frequent.  The  remarks  wliich  follow,  have  reference 
principally  to  cases  iu  which  the  difference  in  refraction  is  con- 
siderable. 

Tiiere  occur  all  possible  combinations  in  the  refractive  condition 
of  the  two  eyes.  For  instance,  with  einmetropia  in  one  eye,  the 
other  may  be  myopic  or  hypermetropic ;  or  there  may  be  tlie  same 
anomaly  of  refraction  in  both  eyes,  but  in  a  different  degree  ;  iu 
high  dt^rces  of  acquired  myopia  such  diireremres  are  relatively 
frequent. 

Cases  occur  of  hyixTmetn)j)ia  In  one  eye  and  myopia  in  the 
other.  So,  too,  unilateral  astigmatism  may  occur;  but  in  such 
cases  the  rule  of  correspondence  in  the  condition  of  refraction 
holds  gootl  thus  far,  that  with  myopii;  a<itigraatiam  in  one  eye 
there  is  myopia  tn  the  other,  or  with  hypernieti*opic  astigmatism 
iu  one  eye  there  is  hypcrmetropia  in  the  other, 

Loes  of  the  lens  on  one  side,  for  instance,  by  cataract  ofwration, 
is  to  lie  niontioMfd  in  this  connection  ;  and  finally  the  paresis  of 
accommodatinn  on  one  side  has  the  same  physiological  effect  on  near 
vision  that  differences  of  refraction  have  upon  vision  in  general. 

Under  these  circumstances,  only  one  eye  can  receive  a  di.*tinct 
retinal  image,  wliile  the  image  in  the  other  eye  Ls  made  up  of 
circles  of  difHision;  this  is  true  for  every  distance  at  which  each 
eye  alone  can  receive  a  distinct  image. 

This  is  a  consequence  of  the  fact  that  the  accommodative  ap|^- 
ratos  of  both  eyes  is  simultaneously  and  equally  innervated.  If 
one  eye  U  emmetropic  with  its  near  point  at  4  inches  (^^^^ ),  while 
the  other  |K>»«wses  the  same  power  of  accommmlation  witJi  myopia 
j^  and  a  near  jioint  at  3  inches,  then  each  eye  alone  may  see  dis- 
tinctly a  point  6  inche:^  distant,  but  not  at  the  same  time.  If  the 
myopic  eye  aoconunodate  to  a  ilistance  of  6  inches,  it  employs  an 
effort  of  accommixJation  ocpial  to  -jly,  which,  however,  affects  equally 
the  other  eye,  and  ailjusb*  it  upon  a  distance  of  12  inches. 
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Under  these  wrcumstanoea  it  can  be  shown,  by  the  help  of 
prisms,  thut  for  such  distances  as  lie  within  the  range  of  acci)m- 
ruiKlation  it  is  always  only  one  eye  whicli  is  properly  adjusted 
and  receives  distinct  retinal  images.  The  patient  is  to  look  at 
some  suitable  object,  say  a  fine  line,  wliilc  u  weak  ])nsm  of  per- 
haps 4^  or  5'^  is  held  with  its  base  either  u[i  or  down  iu  front  of 
the  other  eye;  double  images  will  then  be  seen,  of  which  only 
one,  and  that  corresponding  to  tlie  proj>erly-adj listed  eye,  will 
api^car  distinct.  In  all  the  cases  of  difterence  of  refraction  with 
good  vision  on  both  sides,  which  I  have  examined  in  this  manner, 
it  could  be  shown  that  only  that  eye  was  used  for  near  vision 
which  received  distinct  retinal  images  with  the  least  effort  of 
accommodation;  tor  instance,  in  unilateral  myopia,  always  the 
myopic  eye.  Where  there  is  difference  in  refraction,  under  all 
circumstances  it  is  only  one  eye  which  receives  a  distinct  retinal 
image.* 

A  normal  binocular  vision  may  exist  in  spite  of  the  dissimi- 
larity of  tlie  opposite  retinal  images, as  can  be  proved  by  Hering's 
experiment  (free  p.  113),  and  the  circles  of  diffusion  iu  the  one 
eye  are  overlooked  in  the  binocular  image. 

When  in  one  eye  there  is  emmetropia  and  in  the  other  myopia 
of  a  moderate  degree  (at  least  -j^l,  ijut  with  good  vision  on  botli 
sides,  there  is  but  slight  demand  made  on  the  accommodation,  for 
the  myopic  eye  is  used  for  near  and  the  ernnietropic  for  distant 
vision.  In  high  degrees  of  unilateral  myopia  there  often  develops 
a  charnctcristic  i'orm  of  strabismus  divergens  alternans. 

If  one  eye  be  hy]>ermetropic  and  the  other  emmetropic  or 
myopic,  the  effort  of  accommodation  adjiLsta  only  the  latter  eye. 
Generally,  under  these  circumstances,  tlie  hyi^rmetropic  eye  is 
amblyopic,  but  the  degree  of  amblyopia  is  usually  much  over- 
estimated by  |)atients  accustomed  to  verj'  slight  effortji  of  accom- 
modation. 

If  on  botli  sides  tliere  be  hypermetropia,  but  in  dirt'eront  degrees, 
it  may  favor  the  occurrence  of  strabismus  eonvergens,  in  which, 
i»uppuc?ing  there  is  equal  distinctness  of  vision,  the  less  hyperme- 
tropic eye  is  used  for  tixatiou.     On  the  other  hand,  with  bihiteral 


•  fichnfUer'n  cootmry  uMcrtion  (Arch.  f.  Ophth.,  Bd.  iri.  pag.  176)  dues 
not  na^TW  with  my  observation. 
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myopia  of  liigli  grade  and  different  d^rees,  relative  strabiemtia 
divtr^t'ns  eusily  developB  witli  an  inclination  to  employ  the  sharpest- 
siglited  ;ind,  as  a  rule,  least  myopic  eye. 

If  we  liave  difference  of  refraction  in  the  two  eyes,  the  question 
often  arises  whether  this  difference  \b  to  be  eqiialized  by  different 
lenses. 

If  there  exist  under  these  cireumstanccs  tlie  mutual  vinual  act 
and  binocular  fixation,  it  is  first  to  be  determined  which  eye  pos- 
sessi's  the  l>etier  vision  and  at  tlie  same  time  tlie  less  anomaly  of 
refraction.  There  follows,  then,  for  this  eye  the  choice  of  the 
neocssar)'  lens  according  to  the  usual  rules.  Grencmlly  it  is  advan- 
tageous to  prescribe  the  same  Ifiis  for  the  other  eye.  The  |>atients 
are  aocustome<!  to  the  dissimilarity  of  their  retinal  images,  and 
the  eqiialii'^tion  of  their  refraction  they  find  only  an  inconvenience, 
and  that  so  much  the  more,  since  absolute  similarity  of  the  two 
images  as  res|xjcts  their  size  numot  be  attained.  If  allowetl  to 
choose  for  themselves  between  H|jeclacles  with  glaases  alike  on  both 
sides  and  those  with  unlike  glasses,  siit!h  patients  generally  prefer 
the  first. 

There  occur,  however,  exceptions  to  this  rule.  For  instance, 
often  in  myopia,  with  slight  difference  of  refraction  (perhaps  -^  or 
^),  an  equalization  of  refraction  gives  better  vision ;  sometimts, 
when  the  difference  is  greater,  a  partial  equalization  gives  the  same 
result.  So  too,  in  hypermetropia  with  lieficieiit  vision,  the  rela- 
tively best  binocular  vision  is  sometimes  attained  by  providing 
each  eye  with  its  best  correcting  lens. 

If,  as  is  seldom  the  case,  the  eye  with  the  best  vision  has  at  the 
same  time  the  greatest  degree  of  anomalous  refraction,  it  is  ad- 
vantageous to  give  the  other  eye  a  proportionately  weak  lens, 

l\\  as  for  instance  with  myopia  ou  one  side  and  enmietropia  on 
the  other,  the  eyes  are  used  interehangeably,  there  is  generally  no 
occasion  for  spectacles. 


PARALYSIS  OP  ACCOMMODATION. 

Paralysis  of  accommoflation  causes  the  same  optical  disturbauces 
as  presbyopia.  In  this  res|K'ct  it  is  all  the  same  whether  the  near 
point  withdraws  on  account  of  a  loss  of  ehmticity  in  the  lens  or 
because  the  muscle  refuses  to  [Krform  its  office.  There  is,  how- 
ever, this  essential  distinction,  that  in  presbyopia  the  pupil  is  oon- 
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trnctcd,  while,  as  a  rtile,  the  sphii»cter  iridLs  pnrtlciputes  in  the 
panilysi.s,  aiiH  the  pupil  is  dilated  and  immovable.  Ofteo  the 
tbrni  of  the  pupil  is  more  at!ect(xl  than  its  size. 

There  occur  also  cases  of  paralysis  of  accommodation  without 
poriicii»ation  of  the  sphincter  iriihs  ;  this  i.s  generally  so  in  paresis 
of  accommodation  following  dtphtheritis  faucium.  A  distiuctiou 
closely  allied  to  this  last  is,  that  presbyopia,  the  diminution  of 
aco<tminodation  dependent  on  age,  always  occurs  iu  bntli  eyes 
einiultaue<»usly  and  to  au  equal  degree,  while  paralysis  of  acoora- 
modatioQ  may  be  either  unilatend  or  bilateral. 

In  presbyopia  the  difficultiei  of  paralysis  of  accommodation 
are  but  little  noticed  j  so  too  in  myopia,  when  the  far  point  is 
not  more  than  12  or  15  inches  distant,  .since  this  distjinct'  is 
generally  sufficient  for  reading,  writing,  etc. 

Emmetropes  are  annoyed  by  indistinctness  of  vision  for  near 
objects ;  they,  however,  see  diKtinctly  at  a  disUiuce.  With  the  loss 
of  accommodation  liyi^rnietroiws  lose  also  the  jwssibility  of  see- 
ing distinctly  at  a  <liHtan<x?.  The  disturbance  in  vision  gives  tlic 
imprettsion  of  wcrious  amblyopia,  and  is  W'casionally  confounded 
with  it.  Such  an  error  in  diagnoais  may  l>e  easily  avoide<l,  and 
\'ifiion  made  distinct  by  such  convex  lenses  as  correct  the  hyper- 
metropia  and  purulysis  of  uccomnui<lution. 

All  the  annoyances  of  paralysis  of  accommodation  are  so  much 
the  greater  the  wider  and  more  immovable  the  ]>upil,  because 
the  size  of  the  circ*les  of  didusion  and  the  dazzling  of  light  are 
proj>ortionately  increased. 

Micropia  is  a  characteristic  phenomenon  often  ol)served  in  con- 
nection i^nth  paralysis  of  accommodation.  Objects  which  ^Wth 
full  tension  of  accommodation  may  be  still  seen  plainly,  aj>pear 
diminished,  l>e*ause  our  judgment  res[MKrting  the  size  of  objects 
de])ends  not  only  upon  tiie  size  of  the  retinal  images,  but  also 
upon  tlie  distance  at  which  we  project  that  image.  Our  judgment 
oontierning  the  disLinee  of  objects  dejK^nds  mostly  upon  the  eon- 
vergenoc  of  the  visual  axes  aud  the. tension  of  accommodation. 

One  am  very  ea.sily  satisfy  himself  respetling  the  inHucnce  of 
the  convergence  of  the  visual  axes  by  holding  before  liis  eyes 
prisms  of  4°  to  6*^,  with  the  refracting  angle  turned  outward  ;  in 
tliis  way  the  lines  of  vision  relatively  to  the  point  fixed  are  made 
to  diverge  (corap.  Fig.  4,  page  17).     Objects  at  a  distance  of  per- 
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hapfl  25  or  30  ceuiimetrc8  seen  under  au  tiuutiually  small  an^le 
of  convergence  appear  enlarge<l.  The  size  of  the  retinal  images 
reinuins,  of  course,  unchanged,  but  tliey  arc  referred  to  more  dis- 
tant and  therefore  larger  objects.  In  looking  at  solid  objects  the 
apparent  increase  of  their  thinl  <limen3lon  is  very  striking. 

For  similar  »*eai?ou8,  iu  paresis  of  iiccommodatiori,  with  ii  stn>ng 
effort  at  accommodation  an  object  fixed  appears  nearly  as  small 
as  under  normal  conditions  an  objc<:t  wtmld  njipcar  if  placed  at  the 
near  point  and  casting  au  etjually  largo  retinal  inmge. 

This  kind  of  myopia  woe  first  ol)served  and  ox]^lained  by  Don- 
ders  in  cases  of  pandysis  of  aecommodatiim  by  atropine.  In  gen- 
eral, atropine  mydriasis  aflbnis  a  verj'  good  opportunity  for  the 
study  of  jjaralysis  of  acoommodation.* 

The  ciliary  muscle  is  innervated  by  the  nervus  (uMilo-motorius. 
The  coiirjse  of  this  nerve  is  therefore  to  be  exaniiuetl  for  the  cause 
of  the  paralysis  of  aooommodation.  Clinically,  we  should  class 
together  in  one  group  those  cases  in  which  not  only  the  accom- 
modation, but  also  all  the  otlier  nius(tles  supplied  l>y  the  oculo- 
motorius  are  either  wholly  or  partially  paralyzed, — that  is,  cases  in 
which  pandysis  of  accommodjUiun  is  only  one  of  the  symptoms  of 
a  ]>uralysiH  of  the  oculo-motorius.     Eveu  when  only  a  lew  of  tlie 

*  Anothor  furm  of  mlcropia  will  be  describoil  later  m  «  consequence  of 

retinitis. 

Micropid  hu,  in  many  cases,  only  physical  causes,  t  treated  n  physician 
(hiuiHclf  a  good  iiliiierver)  for  rlieunmtic  paralysis  of  tbc  abducent  on  the  right 
Bido,  with  ftrabismuB  convergons  piirnlyticuH  in  tho  entiro  field  of  vision.  He 
found  that  under  certain  fixed  conditions  tho  double  ima/^e  seen  exccntrically 
appeared  niuch  stiiAller  than  tbo  Hxcd  object.  The  double  images  of  an  object 
pliiced  in  the  mRlinTi  lini.'  apponred,  as  usual,  of  similar  iir.e.  Tliere  occurred, 
however,  a  very  marked  diflorence  in  the  «ize  of  the  images  when  the  patient 
placed  himself  opposite  the  wiill  of  his  room  and  then  fixed  with  his  left  eye 
an  object  lying  tn  his  loft.  Evidently  thf>  explanation  of  this  micropia  can 
be  deduced  neither  from  the  chiiructer  of  tho  retina  nor  from  tl»e  behavior  of  • 
accommodation  or  the  muscles  of  the  eye.  Von  Oracfe,  who  was  also  inter- 
Mted  in  the  case,  gave  the  following  explanntion  of  the  phenomenon.  Tho 
rctinrtl  image  in  the  deviating  eye  was  projected  in  u  plane  wh>»se  situation 
vtas  givou  by  the  wull  standing  opposite  to  the  patient.  Xow,  since  the  phe- 
nomenon Va*  observed  alwnyif  in  reference  to  objet'ts  at  one  side,  anil  since 
the  double  images  were  always  homonymoue,  they  were  projected  at  a  place 
on  the  wall  the  distance  to  which  was  loss  than  to  the  object  tlxed.  Cunse- 
qnenlly,  the  retinal  linage  was  roferrud  to  an  object  which  at  this  shorter 
distance  would  hare  given  a  retinal  image  of  the  same  sixe. 
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miJSi'Jt^  innervated  by  tbe  wulo-motorius  are  paralyzed,  the  ac- 
itirnniodfition  is  seldom  unaHectefi.  On  tiie  other  hand,  in  altso- 
luu'  |Kinily}«U  of  auouniniudatiun,  and  of  all  the  uiuscIch  supplied 
by  the  ociilo-tnotorius,  the  pupil  shows  only  nn^iderate  dilatation, 
so  that  it  can  be  cf)nsid«rably  more  dilatetl  by  atropine. 

The  etiology  aud  therapeutica  of  these  cases  coincide  exactly 
with  tliosc  of  paralyHLH  of  the  oculo-inotorius. 

Paresis  of  uccoininodation  in  connection  with  paralysis  of  the 
nurvns  abducens  occurs  very  rarely.  This  [>ccuHar  combination 
may  be  explained,  as  Adainiuk*  has  suggested,  by  assuming  that 
ex<?e})tionully  fibres  supplyiiij;;  the  sphincier  of  ihe  iris  n»ay  ac- 
c<tni|>itny  the  alxlucen;-.  In  the  orbit  thost'  fibres  always  pass 
thrituj;h  the  ciliary  ganglion. 

Oii«s  occur  of  ojuiplete  and  inco)ni)letc  paralysis  of  aceomrao- 
dation,  as  an  idiopathic  atluction  without  paitici[)ution  of  the  other 
branches  of  the  oculo-motorius. 

Li  the  incomplete  form  the  near  |>oint  recedes  from  the  eye, 
but  there  is  still  some  power  of  acconimoilation,  and  the  pupil  is 
often  unsyumetrically  dilated  ;  in  the  complete  form  acconinKxIa- 
tiou  is  lost,  and  then  often  the  pupil  is  dilate<I  ad  maximum, 
ejcactly  as  in  atropine  mydriasis. 

The  etiolog)'  of  these  cases  is  generally  obecure.  A  cold  is 
often  regarded  as  a  cause,  and  often  no  cause  can  be  found.  Many 
casi'8  are  due  t4>  bruin-disease. 

The  prognosis  in  reference  to  the  duration  aud  curability  of  the 
disease  is  always  uncertain.  In  reference  to  retaining  the  power 
of  vision,  it  is  genemlly  favcmible:  still,  it  must  bo  remembered 
that  the  paralysis  of  accommiKlutiitn  may  be  the  precursor  of 
deeper-seated  dLsturlmnces  in  the  central  nervous  system. 

TVeatmmt. — At  first  an  anti-rhenmatic  treatment  generally 
secm»  best, — bleetling  from  the  temple,  cathartics,  diaphoretics, 
iuitnction  of  stinmlatiug  sul)stancc3  on  ttie  f<]rehcad  (for  instance, 
veratrin  salve),  vesication  behind  the  ears  and  U|)on  the  neck,  and 
finally  electricity.  For  internal  use  ergot  is  recommended.  At 
tbe  stime  time  the  u&e  of  the  eyes  must  be  limiteil  as  much  as 
possible, 

A  vory  bappy  but  trausitory  effect  is  produced  by  the  extract 
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of  Cnlnbar  bean.  It  contracte  the  pupil,  and  where  there  is  nnly 
partial  paralysis  of  accommodation  it  causes  the  range  oi'  awoiu- 
miKlatiou  to  approach  the  eye.  Indeerl,  one  v&n  oWrve  a  tem- 
porary (>ositive  increase  in  the  range  of  accommodation^  which 
Dondcrjj*and  Harucr  have  shown  to  be  the  physiological  effect  of 
tlie  iJalaljar  bean.  AH  the  iueonveniences  of  jniralyHis  of  uccom- 
modation  may  in  tiiis  way  be  relieved  for  some  hours.  Thei  hopes 
placed  on  extract  of  Calabar  bean  as  a  remedy  by  which  to  effort 
a  nidical  cure  have,  however,  not  Iwen  realized. 

Many  cases  of  paresis  of  accommodation  recover  after  some 
weeks  or  months,  either  with  or  without  this  tn^itmcnt.  A  greater 
number,  however,  are  not  beueiite<i  by  it.  in  such  cases  the  prin- 
cipal thing  to  be  done  is  to  relieve  the  optical  disturbnnoes. 
MHien  the  affection  is  on  one  sitle  only,  these  <lislurbance«,  on 
account  of  the  dissimilarity  of  the  retinal  images,  ai-e  at  first  veiy 
unpleasant,  p«pccially  when  reading  or  writing,  provided  the  eye 
is  not  mv(i[)ic.  The  retinal  imajj^s  of  thn  affprte<l  eye  are  not 
only  ditfuse,  but,  on  account  of  the  dilatation  of  the  pupil,  they 
are  at  the  same  time  more  brightly  illuminated  than  tliose  of  the 
other  eye,  and  therefore  caunot  be  so  easily  neglected.  A  cor- 
rection by  means  of  a  convex  lens,  which  atljusts  the  eye  for  the 
distance  necessary  for  work,  is  therefore,  at  first,  generally  very 
agreeable;  later,  the  patients  become  accustomed  to  tJie  dissimi- 
larity of  the  retinal  images,  just  as  in  difference  of  refraction, 
nfn]  they  then  generally  lay  the  spectacles  aside. 

The  disturbances  in  bilateral  paralysis  of  accommodation  arc 
much  more  important,  espfH-ially  when  it  is  complete  and  is  lusso- 
ciated  with  excessive  dilatiuion  of  the  jmpil.  It  is  true  that  the 
defect  in  accommodation  may  Ire  TOni|}ensated  for  by  a  convex 
lens,  but  only  for  one  particular  distance.  An  emtnetrope,  for 
instance,  with  complete  bilateral  paralysis  of  accommodation,  will, 
with  convex  12,  see  distinctly  at  a  distance  of  12  inches,  but  at 
tliat  distiuicc  only.  Whether  the  object  Iw  movwl  towanl  or 
from  him,  there  Iwgin  to  Ik;  circles  of  (liffusion,  which  are  so  much 
the  greater  the  wider  the  pupil.  For  these  cases  the  extract  of 
Calabar  bean  gives  us  the  means  of  contracting  the  jHipil,  and 
so  making  tlic  use  of  convex  glasses  for  near  vision  easier  and 
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plcasantcr,  except  wliere  the  mydriaeis  is  due  to  cerebral  causes, 
and  there  the  Calaliar  refuses  to  do  its  work.  The  sohitioii  sliould 
be  of  siu'h  n  slrcn^ii  tliat  one  tlrop  iu  the  ct>ujuiictival  siio  is  sui- 
ftcieiit  to  hold  tlje  |Hipil  contraote*!  for  about  twelve  hours.  Its 
use  may  be  oontinut^l  a  loii^  time. 

Paralysis  of  accommodation  after  diphtheritis  fauciuiu  occurs 
as  one  of  tlie  symptoms  of  a  very  peculiar  g^up  of  pariilys<» 
which  appear  as  secpiehe  to  diphtheritis,  and  ^iierally  from  lliree 
to  six  weeks  after  it.  The  severity'  of  the  diphtht-ritic  diHeasc  h;is 
no  inHuence  ni>on  them  ;  paraly^e^s  may  occur  after  even  the  mildest 
enscs.  A  ^wralvsi--*  of  tlie  muHclcK  of  deglutition  is  always  the 
fiist  to  appear;  its  symptoms  are  difficulty  in  swallowinjr,  a  nasal 
tone,  and  a  <lisagrceahle  scwmdary  tone  aecompauyiiig  certain 
consununtd.  Aoeordint;  to  Pagenstecher,*  this  tliroat  imralysifi  is 
generally  unilateral  ;  there  is  on  the  one  side  relaxation  of  the 
velum  and  pharynx,  an  oblique  |)ositiou  of  the  uvuhi  and  epi- 
glottis, imi»erfect  closure  of  the  glottis  and  aniesthesia  of  the  parts 
afi^cted.  After  this  follows  paralysis  of  the  aocommodiition,  and 
often  of  some  of  the  muscles  of  tlie  eye.  I^ter,  there  may  l>e 
jiaralvtic  symptoms  in  the  extremities;  and  lastly,  and  this  is 
most  alnrndn^,  paralysis  of  the  muscles  of  respiration,  which  may 
end  in  death. 

Afi  a  rule,  the  accommodation  is  not  alwolutely  paralyzed.  The 
pupil:^  generally  arc  only  slightly  dilated,  and  perhaps  there  is  no 
dilatatiou  to  be  recognized,  aud  only  a  slight  dimiuutiou  iu  their 
motility. 

Jacobi*ont  found  in  certain  ca.'^cs  where  he  used  atropine  energet- 
ically during  the  |»areftis  oi'  accommodation,  a  much  higher  degree 
of  hypermeti-^)pia  than  could  be  demonstrated  by  the  atropine 
mydriasis  after  recover}'  from  the  paralysis.  He  drew  frtMu  this 
the  conclusion  that  not  only  the  power  of  accommodation  but  abo 
the  refraction  is  deci'cased  as  a  ct»nsei^ueuceof  dipbtlicrilis.  Never- 
theless, these  cases  may  indicate  that  during  the  paresis  of  accom- 
modation the  latent  tension  is  re!axe<l  either  absolutely  or  to  a 
degree  easily  overcome  by  atropine,  while  with  normal  accommoda- 


*  Pitguustecli«r  (niu  Klberfeld)  klin.  Motmtshl.  f.  Augenheilk.,  18G4,  pag. 
t  Arcli.  f.  Ophth.,  B.  z.  2,  pag.  41. 
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tion  considerable  latent  tension  persists.  It  is  then  several  days 
before  the  eye  can  be  reduced  to  its  true  refractive  condition  by 
atropine.  ProlMibly  t!ie  uninterrupted  tension  of  ucconinioi^lntiun 
indnccs  in  the  eyes  of  most  youthful  hy|)eruietropes  a  modification 
in  (he  form  of  the  lens,  which  does  not  yield  immediately,  but 
onlv  very  gradimlly,  to  atropine  mydriasis. 

The  prognosis  in  diphtheritic  jmralysis  is  generally  favorable ; 
it  is  p;rave  only  in  the  rare  cases  where  the  muscles  ut'  I'cspiration 
arc  nfl'ected. 

The  paralvBis  of  noeommodation  generally  recovers  s|M)ntane- 
ously  in  from  six  to  ei^ht  weeks;  still,  tl»e  recovery  may  be 
hastened  by  daily  dropping  the  Calabar-bean  extract  in  the  eye, 
or  by  the  use  of  eletlricity,  while  the  disturbances  of  vision 
nuiy  be  relieved  by  spectacles  which  bring  the  near  point  up  to 
alwut  12  inchts.  A  moderate  use  of  the  muscle  of  accommo- 
dation is  thus  called  into  play,  which  also  may  ccmtribute  to  the 
recovery. 

The  general  health  of  the  patient  u:5ually  requires  at  the  same 
rime  touie  treatment :   iron,  quinine,  goixl  nourishment,  etc. 

Finally,  there  is  still  ii  |)ocidiar  aud  quite  frequent  form  of 
mydriasis,  with  fianilysis  of  a(xxinimiid:!tit>n,  namely,  the  traumatic. 
After  contusions  of  the  eye,  williout  any  apparent  wound,  there 
oftt'u  appears  an  unsymmetrical  or  «  complete  dilatation  of  the 
pupil,  with  limitation  or  loss  of  accommodation. 

The  prt»gnosis  depends  iu  the  iirst  place  upon  the  nature  of  the 
traumatic  cause.  Even  when,  immediately  after  tlie  injury,  do 
(^t-eut  (iisturbancea  of  vibioii  (M-cMir,  there  mav  ap|>ear  later  not  only 
mydriasis,  but  marked  functional  anomalies,  especially  when  tlic 
injiir\'  haji  caused  luxation  of  the  lens. 

Slight  cases  of  traumatic  mydriasis  often  pass  a\vay  spon- 
tanet)us]y. 

The  treatment  dej^nds  ujion  the  nature  of  the  injury,  and  at  first, 
at  least,  must  Ix*  antiphlogistic.  Without  there  being  any  paralysis 
of  aecommotlation,  mydriasis  may  occur  in  consequence  of  irrita- 
tion of  the  cervical  sympathetic.  In  his  own  person,  during  an 
attack  of  heinicrania,  Du  JJois  Reymond*  observed  a  dilatation  of 
the  pupil  on  the  affected  side.     This,  and  tlie  other  symptoms,  he 
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regarded  as  a  tetanization  of  the  contractile  tissups  supplied  by 
the  cervical  sympathetic  (mydriasis  spaHtitai*). 

SPASM   OF  ACCOMMODATION. 

In  describing  hypermctropia,  wc  mentiouod  that  in  moet  cases, 
in  yonng  individnaiR,  a  part  of  the  hyp<'rniPtropia  i.«  masked  by  a 
jiernianont  tension  of  the  ciliary  muscle,  not  niidor  the  control  of 
tlie  win.  In  the  conrse  of  years  the  latent  liypermetropia  Ixjcomes 
manifest  either  by  the  limitation  of  aaommodation  (presbyopia)  or 
hy  its  paralysis,  either  pathological  or  toxic ;  for  inst^inco,  by  atro- 
pine mydriasis*.  The  paralyHis  of  accomraoilation  and  the  atro- 
pine mydriasis  set  asi<le  not  only  the  voluntary  bnt  also  tl>e  latent 
tension  of  accomnnnlatidn,  cither  wliolly  or  Inr  the  greater  j)art. 
When  the  paralysis  psses  away  the  latent  hypermetro]}ia  i-eturns. 
The  iMndition  is  one  of  persistent  contraction  of  the  muscle,  ivliich 
injikcjt  its  relajcation  beyond^  certain  limit  impossible ;  n])  t<>  that 
limit,  however,  its  action  is  not  interfered  with.  This  condition 
may  l>e  called  a  tonic  spasm,  btit  it  must  not  be  forgotten  that  it 
l)Cflrs  a  physiological  impress,  stncc:  it  was  introduoe<l,  is  main- 
•^ttinwl,  and  has  become  habitual  in  the  service  of  the  visual  act, 
and  to  neutralize  as  much  as  possible  the  disadvantage  of  hyper- 
rnctropia. 

The  case  is  somewhat  ditJereut  when  anatomical  emmctropia 
or  hyi^rmetropia  is  changed  by  a  tonic  contraction  of  the  ciliary 
murw'le  into  apparent  myopia.  The  fre({uency  of  latent  liyperme- 
tropia makes  it  ])robable  that,  in  consmpieiiw  of  severe  and  con- 
tinuous straining  of  the  accfminuKlatiun,  espet^ially  in  tlic  evening 
by  insufficient  light,  youthful  indivi<lnals  frequently  lose  the  power 
to  relax  voluntarily  their  acwmmodation,  and  so  actjuire  an  ap- 
parent myopia.  It  is  more  ilifficult  to  tniderstan<l  how,  in  myopia 
also,  there  should  arise  a  tonic  tension  of  acconimodalion  to  cause 
an  apparent  increase  of  the  refrhction,  cspiH!ially  whcu  there  exist 
thoAc  symptoms  of  irritation  described  (in  page  -14. 

lu  those  cas(«  of  spasm  of  accommodation  or  apjmrcnt  myopia 
the  subjective  symptoms  are  very  similar  to  tlmse  of  tu'ctinimr)- 
dative  asthenopia.  The  ]xitients  complain  of  quick  fatigue  and 
pain  while  working,  symptoms  probably  depending  upon  tho 


*  Comp.  Hirschl«r,  Winner  mod.  Woohontcfarift,  1878,  No.  17. 
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fm't  that  the  perinaneiit  tension  of  the  muscle  mterfcres  with  its 
normal  movement!*  and  endurance.  In  t'uct,  there  Is  often  not 
only  un  u]}{>rnucli  of  tlie  tiir  point,  but  also  a  witlidmual  of  the 
□car  point. 

One  circumstence  is  nsefnl  in  making  the  diagnosis,  and  we 
Lave  ah-eady  referred  ti»  it  in  connection  with  latent  hyperuie- 
tropia:  it  is  the  fluctuation  of  the  tension  of  accommodation  about 
the  limit  of  the  far  point.  Ju.*st  as  in  latent  hypermetropia  the 
|)atieuts  sometimes  prefer  stronger,  sometimes  weaker,  'convex 
glosses,  so  is  the  same  thing  noticed  with  reference  to  concave 
glasses  in  apparent  myopia.  A  certain  diagnosis  can  be  made  only 
by  determining  the  optical  adjustment  of  the  eye  before  and  alter 
the  action  of  atropine. 

lu  the  treatiueut  of  apparetit  myopia  the  general  care  of  the 
eye  is  of  the  greatest  importance.  In  obstinate  castas  ati'opine  can 
be  usetl  continuously  for  two  weeks ;  blood  may  be  taken  from  the 
temple  by  means  of  the  artificial  leech.  If  hypermetropiii  exist, 
it  is  to  he  corrected. 

As  above  intimated^  this  condition  passes  over  without  sharply- 
defined  limits  into  normal  relations.  Even  in  eyes  which,  upon 
examination,  appear  emmetropic,  act  normally  and  give,  occa- 
sion for  no  coruphiintH,  there  is  freipiently  during  tlic  atropine 
mydriasis  a  eoudition  of  refraction  ^  to  ^  weaker.  It  would 
\k'  hardly  proper  to  class  such  casas  among  tliose  of  spasm  of 
actMnniiKxUttion. 

It  is,  moreover,  to  be  observed  that  there  are  certain  sources  of 
on'or  scarcely  to  be  avoided  in  the  methods  of  examination  em- 
ployed in  practii-e  for  determining  the  acuteoess  of  vision  and 
the  comlition  of  refraction.  This  must  make  us  careful  to  avoid 
drawing  conclusions  based  upon  slight  differences  observed  in 
examinations  made  at  different  times. 

Of  another  nature  are  certain  hitherto  little-noticed  eases,  in 
which  the  accommodatiou  is  narrowed  down  to  a  space  very  mar 
the  eye. 

The  Calabar  tuyosis*  presents  a  typical  picture  of  toxic  spasm 
of  accommodation,  such  as  ofte!i  develops  pathologically.  A  few 
minutes  after  dropping  into  the  eye  a  10  per  cent.  soLuti^ui  in 


•  Donden,  1.  c,  p.  013 ;  v.  araefc,  Arch.  f.  Ophth.,  Bd.  ix.  3,  pog.  B7. 
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^cerin  of  the  extract  of  Calabar  bean  there  l^ej^ins  a  wnsider- 
able  contraction  of  the  pupil,  which  in  from  twenty  to  thiiiy  niin- 
ntes attains  itfi  maximnni.  At  tlic  same  time  both  tlio  far  point  and 
the  near  |)oint  approach  the  eye,  and  the  relative  range  of  aecom- 
miKlation  is  so  changed  that  too  strong  a  tension  of  accommodation 
is  assofiutol  with  tlie  converij^nce  of  tlie  visual  ax<». 

In  al>ont  tliree-qnarters  of  an  hour  after  the  instillation  of  the 
Caluliar  extract  tlie  far  point  begins  gradually  to  recede  again, and 
after  aU^nt  two  hours  attains  its  original  position.  The  simul- 
taiieons  withdrawal  of  the  near  point  follows  more  slowly,  so  that 
for  some  hours  there  is  an  actiinl  increase  in  the  range  of  acoom- 
rooflatioti.  The  contraction  of  the  jmpil  begins  to  give  way  some 
hours  after  the  instillation,  but  remains  recognizable  for  two  or 
thrw  days. 

The  subjective  symptoms  are, — 

1.  Pains  whicli  awx>mpany  every  strong  voluntar)*  tension  of  the 
ciliary  muscle  when  the  application  has  been  too  strong,  or  when 
lltere  is  |>eculiar  sensitiveness  of  the  patient, 

2.  The  entire  Held  of  vision  seems  strangt?ly  shaded;  this  is 
due  to  the  diminishwl  illumiuatiou  caused  by  the  myosts.  After  a 
time  this  symptom  ilisappears  as  the  retina  acconuuo<lates  iteelf  to 
the  fainter  light. 

3.  There  is  macropia,  the  explanation  of  which  is  analogous  to 
tliat  of  mieropia  in  atnipine  mydriasis. 

In  L'onnectiou  M'ith  spasm  ui'  the  ciliary  niusL^lc,  mention  must 
be  made  of  tho«c  rare  cases  in  which  oven  slight  demands  upon 
the  ciliary  muscle  cause  immeiliately  severe  pain.  This  trondition, 
Drding  to  Bonders,*  occurs  only  in  hypcrmetropia,  but  it  may 

:  in  casea  of  ihe  vcn^  lowest  degree.  The  symptoms  are  similar 
to  those  of  accommodative  asthenopia,  but  can  be  distiuguished 
from  them  by  the  fact  that  convex  glasses  have  no  influence  U|H>n 
ihetii,  sinc4i  the  convergence  necessarj'  for  near  vision  is  of  itself 
flutticieDt  to  accomu  for  the  painful  contraction  of  the  mascle  of 
ai'(f>mm(Klation.  That  it  is,  however,  an  affW'tion  of  the  muscle  is 
proved  by  the  fact  that  with  complete  atropine  mydriasis  und  tlie 
help  of  correcting  convex  glass<s  work  can  be  continued  without 
inconvenience. 

•  L.  e.,  pag.  241. 


anroera. 

Complete  recovery  may  be  obtained  by  continuing  for  niontlis 
the  use  of  atropine. 

There  is  an  entirely  different  cause  for  certain  nervous  diffi- 
CiiltieR,  which  must  here  Ue  mentioned^  because  they  give  rim.'  to 
symptoms  very  similar  to  spasm  of  the  ciliary  muscle.  After 
working  a  aliort  tiene,  disturbanoes  are  felt  in  the  eyes,  which  make 
it  necessary  to  lay  the  work  aside;  often  it  is  not  possible  to 
olwerve  attentively  either  a  near  or  a  far  object;  generally  other 
nervous  symptoms,  and  tiften  hysteria,  arc  present. 

The  term  myosis  expresfecs  in  general  every  continuous  contrac- 
tion nf  the  pupil;  usually,  however,  those  cases  are  excluded 
which  dejxmtl  upon  contraction  of  the  sphincter  pupilUe,  caui^ed 
by  irritation  of  the  ocular  branches  of  tlie  nervus  trigeminus,  as 
by  irritating  su!>stanccs^  foreign  bodies,  inflammation,  etc. 

MyoHts  is  often  only  a  symptom  of  disease  of  the  ner\'oua 
centres,  especially  of  the  spinal  eortl;  or  it  may  depend  upon 
periplicral  jxirulysis  of  the  cervical  Hlaments  of  the  symi«itlietic. 

In  many  teases  there  is  uo  evident  cause;  especially  in  aged 
peivons   one   often   finds   very  small   and  slightly  active   pupila^^ 
whiirh  widen  only  a  little  under  the  use  of  atropine, 

MONOCULAR   POLYOPIA   AND  DIPLOPIA. 

There  is,  finally,  one  symptom  to  be  mentioned  which  may  oocur 
in  all  the  anomalies  of  ri-'fraction  and  aifummodation,  and  is  then 
always  to  be  explained  upon  the  principle  of  Sclieiner's  experi- 
ment. The  conditions  precedent  to  the  appearance  of  this  symp- 
tom are  an  fnaccurjttc  adjiistnu'nt  of  the  eye  upon  the  point  lixcd, 
and  the  existcnw  of  irregiilnrities  in  the  structure  of  the  refract- 
ing media.  Monwular  polyopia  under  physiological  relations 
may  always  Ikj  pruducwl  cxiwrimentally.*  Under  j^thologiciil 
relations  it  is  prinH[mlly  irregularities  in  the  cornea,  or  in  the 
iriri  (coloSwma,  ur  dcfcfts  nuir  the  pupil),  or  in  the  lens  (cataraeta 
incipieuH,  or  luxation),  which,  in  connection  with  inaccurate 
optical  n<ljustment,  cause  polyopia. 


*  Cotnp.  HelmhoUs  pliysiol.  Optik,  |>ag.  180. 


SPECTACLES,   OPHTHALMOSCOPE,   AND 
OPKTKALMOMETER. 


SPKCTACLES. 

Sphertcat^  lenses  are  those  most  frequently  eni]>loye(i.  Rules 
for  their  use  having  been  already  given,  it  remains  only  to  note 
their  most  elementarj'  optieul  la^^*s. 

SPHERICAL    l^NSES. 

o.  Qmcave  Leiuies. — Rays  of  light  which  fall  pamllel  upon 
the  sarface  of  a  cc>n«ive  lens  ilivei^  after  refruftion  as  if  they 
came  from  it»  u^utive  foc-us.  Thus  a  virtual  diminished  image 
of  distant  ohjects  is  formed  in  the  focus  of  the  concave  lens. 
Kays  of  light  whieh,  proceeding  from  a  point  at  a  finite  dis- 
tance, fall  divergent  upon  the  surface  of  the  concave  lens,  after 
refnietion  divergt;  as  if  they  had  prixxH-tlcd  from  a  point,  within 
the  foi:us.  The  cODJugate  focal  distances  are  calculated  by  the 
formula  i  -f-  i=  —  f. 

Jj",  for  oJKaraple,  in  Fig.  14,  the  distance  of  the  negative  focus 

Fio.  U. 


a. 


(/)  be  12  inches  {}=~-^\  ami  the  distance  of  the  point  «, 
s*«n  thmngh  the  omcave  gliu*s,  be  9  inches  |,}  =  ^),  then  the 
piisitlon  of  the  conjugate  focus  oc  is  dctcrniine<l  by  the  ralculalioii 
i  =  _}_i=  — (14-^)=— -•  That  is  to  say,  the  light,  after 
n^fracdon  In  a  wntave  lens,  diverges  as  if  it  had  proceeded  from 
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a  jwint  5j-  inches  distjuit,— that  is,  from  oc,  the  virtual  image  of 
the  point  a. 

If  the  far  point  of  the  myopic  eye  coincide  with  /,  and  the  near 
point  with  oc,  then  by  the  use  of  the  concave  lens  the  far  point  is 
i'emovc<i  to  an  infinite  <listJince,  and  the  near  point  to  the  distance 
of  a.  The  virtna]  iniagt«  of  all  objects  seen  distinctly  tall  l>e- 
tween  a  and  /.  No  virtual  image  can  Ix?  formed  at  a  grejitor 
diHtuncc  than/,  because  the  inuige  of  an  object  at  an  infinite  dis- 
tance is  formed  at/.  (For  convergent  i"ays  of  light  tlie  dis])ersion- 
jxtint,  it  is  true,  would  lie  farther  distant  than/.  We  may,  how- 
ever, fur  the  present  neglect  this  case.) 

Virtual  images  which  lie  between  the  concave  glass  and  oc 
give  no  distinct  retinal  images^  because  the  nocomnioilation  is 
iuHufRcient,  n  being  the  near  jKiint- 

Cbnvcx  Lcti^ji. — Rays  of  light  which  fall  parallel  ui^n  tlie 
surface  of  a  convex  lens  converge,  after  their  refraction,  in  such  a 
manner  tliat  they  interitect  each  other  iit  its  focus.  Rays  eoniiug 
from  a  far-distant  object  may  i>e  regarded  as  purallel ;  after  refrac- 
tion they  awordingly  f<)rtn  at  the  fowtl  distance  of  the  lens  an 
inverted  dimiiiislied  image.  11'  a  himinous  point  lie  at  a  finite 
distance  from  the  convex  lens,  the  conjugate  focal  distanwi  is 
calculated  from  the  forumla  ^  4-  i^}* 

li',  in  Fig.  15,  the  distance  of  the  focus  /  be  4  inches,  and  the 

Kiu.  16. 
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object  n  Iw  placwl  12  inches  di*itant,  then  the  image  a  must  l)e 
formed  6  indies  beyond  the  lens,  since  ^^  J — ^::=J[.  The  image 
at  oc  is  inverted  and  diminished. 

Inversely:  if  the  rayH  pn>c-wd  from  a,  an  enlargetl  inverted 
image  will  be  formed  at  a.  The  si/o  of  the  image  is  the  sime  as 
that  of  the  object  when  tlic  ubjwrt  is  placed  at  twice  the  focal 
distance  of  the  lens. 

If  the  luminous  point  be  at  the  focus,  the  rays,  after  refractioni 
are  parallel. 

If,  as  in  Fig.  16,  the  luminous  point  a  lie  between  the  focus 
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and  the  lens,  the  rays,  after  refraction,  will  diverge  as  if  they 
came  from  a,  a  point  lying  beyond  the  focus. 

Flo.  16. 
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In  the  formula  ^  -j-  i=}^,  oc  becomes  a  negative  quantity, — that 
is,  a  virtual  image  is  formed.  For  instance,  if  the  focal  distance 
be  12  inches  and  the  object  be  placed  at  a  distance  of  8  inches, 
the  virtual  image  oc  will  be  formed  at  a  distance  of  24  inches. 

This  relation  is  illustrated  in  emmetropic  or  slightly  myopic 
eyes,  which,  on  account  of  presbyopia  or  paresis  of  accommoda- 
tion, require  the  use  of  convex  glasses.  Only  such  objects  as  lie 
at  or  within  the  focal  distance  can  be  distinctly  seen;  the  rays 
from  a  more  distant  object  converge  after  theiV  refraction  and 
intersect  each  other  before  reaching  the  retina. 

In  facultative  hyperraetropia,  a  correcting  convex  glass  being 
used,  objects  placed  within  the  focus  can  be  distinctly  seen  up  to  a 
distance  determined  by  the  strength  of  the  accommodation.  All 
objects  lying  beyond  the  focus  can  also  be  distinctly  seen,  becaase 
such  eyes  can  accommodate  to  convergent  rays.  In  absolute  hyper- 
metropia  only  objects  lying  beyond  the  focal  point  can  be  seen, 
because  such  eyes  are  adapted  only  to  convergent  rays. 

Biconcave  or  biconvex  lenses  are  the  ones  generally  used  for 
spectacles.  They  should  be  so  fixed  in  their  frames  that  the  centre 
of  the  lens  is  exactly  opposite  the  pupil.  Lenses  intended  for  use 
on  near  objects  must  therefore  have  their  optical  centres  somewhat 
nearer  together  than  those  to  be  used  upon  distant  objects ;  they 
must  also  be  so  inclined  to  each  other  that  their  axes  nearly  corre- 
spond to  tlie  convergence  of  the  visual  axes.     ' 

Wollaston  recommended  the  so-called  periscopic  glasses.  These 
are  j>ositive  or  negative  meniscuses, — that  is,  lenses  having  one 
concave  and  one  convex  surface  of  different  curvature.  They 
diminish  spherical  aberration.  In  weak  glasses  this  advantage 
is  of  little  importance,  and  in  strong  ones  it  is  greatly  over- 
balanced by  the  thickness  of  their  edges. 
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BIFOCAL  T.EN9ES. 

Franklin  was  the  first  to  propose  an  arrangement  for  the  con- 
venience of  those  who  require  one  pair  of  Iuhk^  for  near  and 
another  for  distHnt  c»l>je<'t*i.  lie  j)In(XHl  t)ie  two  sets  of  Itnisea 
in  the  same  frame,  in  such  a  manner  that  in  the  case  of  convex 
giasfscs  one-half  of  a  weak  lens,  for  dit^tant  objet-ts,  is  in  the  upper 
part  of  each  frame,  and  one-half  of  a  stronger  one,  for  near 
objects,  is  in  the  lower  part.  For  concave  glasses  the  relative 
position  of  the  stronger  and  weaker  len.ses  is  reversed.  Still 
better  are  the  glasses  of  double  focus  now  in  use.  The  upper  half 
is  so  ground  as  to  be  suitable  for  distant  objects;  the  lower  half 
for  near  ones.  Such  glasses  are  especially  adaptwl  to  presbyopic 
hypermetropes,  since  tlie  hliglitest  movement  is  enough  to  adjust 
the  eye  either  for  near  or  distant  vision. 


Flo.  17. 


CYLTXDRICAL   LENSES. 

In  Spherical  lenses  the  curved  surfaces  form  portions  of  a 
sphere;  in  cylindriiail  lenses  they  form  portions  of  a  cylinder. 
If  from  a  solid  glass  cylinder,  a  jiiere  l^e  cut  by  a  plane  parallel 
with  its  axis,  a  plano-convex  cylindrical  lens  is  obtaiucil.  The 
figure  presented  by  the  cross-section  of  such  a  lens  is  the  segment 
of  a  circle,  bounded  on  one  side  by  ihe  arc,  on  the  other  by  the 
chord  (.sec  Fig.  17,  a).  The  figure  presented 
by  the  section  of  such  a  lens  by  a  plane 
parallel  with  the  axis  of  the  cjdinder,  is 
bounded  by  parallel  straight  lines  (Fig.  17,6). 
Rays  of  light  which  diverge  in  the  plane 
of  the  axis  are  thercft)re  n'fracted,  as  in  a 
plane  glass ;  while  rays  which  diverge  at 
right  angles  to  the  axis  exjxtrience  a  refrac- 
tion corresponding  to  the  nulius  of  curvature. 
Lenses  which  have  two  cylindrical  curved 
surfaces,  whose  axes  are  at  right  angles  to 
each  other,  are  t^llcfl  bi-cyliudrifal  lenww.  If  in  tliis  case  the 
radii  of  the  two  curved  surfaces  be  ei|ual,  and  both  surfaces  l)e 
either  concave  or  convex,  tine  effect  is  the  same  as  that  of  a 
spherical  lens. 

Sphero-cylindrical  lenses  have  one  splierical  and  one  cylindrical 
curved  surface.  The  Hurfac-eB  may  be  Iwth  concave,  or  both  txjn- 
vex,  or  one  may  be  concave  and  the  other  convex. 


BacUoo  Uinufib  ft  cjrtlii' 
drleal  cootcx  icUm:  h,  at 
rigLl  uiglM;  b.  |«ndlel  to 
th»  «zk  of  llH  rjpIIimIm-. 
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Great  care  must  be  tukcn  in  setting  cylindrical  leuscsin  spco- 
taele  fmmes.  They  must  he  so  plaetid  that  th**  axis  of  each  *'yl- 
inder  lie^  in  the  plane  of  one  of  the  )>rincipal  meriiliau^  of  the 
eye.  Supposing  the  principal  meridian  of  the  shortest  ftxal  dis- 
tance in  au  astigmatic  eye  to  be  vertical,  then  concave  cylindriwil 
glasses  must  Ix;  set  with  their  axes  horizontal,  and  convex  glasses 
with  tiieir  axes  vertical. 

If  the  princiiKil  mcriflians  are  neither  exactly  vertical  nor  hori- 
zontal, one  may  cither  direct  the  optician  at  what  angles  he  must 
place  the  axes,  or  the  glasses  may  be  made  circular  and  so  set  as 
to  turn  in  their  frames.  Tlic  proper  direction  for  the  axes  of  tlic 
cylindrical  lenses  may  then  be  found  experimentally.  If  tJie 
apectacles  are  to  l)e  used  principally  for  near  objects,  their  proper 

sition  should  l>c  determined  by  testing  them  upon  objects  at  the 
^tisual  reading  distance. 

The  refraction  of  tight  l)y  an  asymmetric  system  is  easily 
demonstrated  by  allowing  the  rays  from  a  ltinnni>us  point  to  pass 
thnmgh  a  strong  convex  lens  combiufd  with  either  a  cylindrical 
or  a  iStokep  lens,  and,  after  their  refrxctiou  by  this  apparatus,  to 
receive  them  on  an  opaque,  ground-glitss  plate.  The  shape  of  the 
iuKigc  formed  at  any  [Kiint  within  the  fiH'al  interval  is  tiius  beau* 
tifully  >hown. 

Light  is  refracted  in  a  similar  manner  in  aphericwl  Icuscs  whose 

les  arc  placed  at  an  inclination  to  the  direction  of  the  impinging 
»ys.  In  cases,  thcn^fore,  in  which  strong  spherical  lenses  are 
DGcessar^',  for  instance  after  cataract  o|)eration,  a  slight  degree  of 
astigmatism  may  be  corrected  by  giving  the  len-ses  a  proper  incli- 
uotion. 

PRISMATIC  HPECTACLES. 

Rays  of  light  on  passing  through  a  prism  are  refracted  toward 
its  fuse.  The  degree  of  their  refraction  incix'a.scs  witli  tlic  increase 
of  the  refracting  angle  of  the  prism,  anil  with  the  refrangibility 
of  the  ra^-s  themsclvBs.  A  limitation  of  the  use  of  prismatic 
SIK-Vtacles  is  thus  set,  Ixjlh  liy  tiie  ditfusion  of  color  and  the  weight 
of  iJie  prisms.  There  is  no  ditliciilty  in  correcting  the  (lifi'usion 
of  color  by  means  of  achromatic  prisms;  but  such  glasses,  being  a 
eombtnation  of  two  prisms,  are  too  cumbei*some  to  allow  their  use 
a^  s|»w'tacle.s. 

Prisms  with  a  refracting  angle  greater  tlian  6°  can  hardly  lie 
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used  as  spectacles.  At  about  this  limit  the  diffusion  of  color  and 
the  welglit  of  tlic  glasses  begin  to  cause  ineonvenioiioe.  Prisms 
witli  u  refracting  angle  greater  than  4°  are  seldom  uned. 

The  advantage  derived  from  the  use  of  prisms  is,  that  they  unite 
double  image:*  wheu  uol  widely  separatwl,  and  thus  prevent  the 
occurreni*  of  diph»pia.  Koc  example,  if  the  axis  of  vision  of  one 
eye  lie  directed  exactly  upon  an  object,  and  if  the  axis  of  vision 
of  tlio  other  eye  deviate  outwanl  fr<im  tlie  object,  tlie  image  in 
the  deviating  eye  mtII  fall  to  one  side  of  the  macula  lutea.  By 
the  choice  of  a  proper  priam  it  can,  however,  be  thrown  dia'ctly 
uixin  it. 

Prisms  are  oftcnest  used  where  there  is  insufficiency  of  the 
internal  recti  muscles.  They  unite  double  images  and  prevent 
diplopia. 

Fro.  18. 
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In  Fig.  18,  suppose  the  point  a  to  be  placed  in  the  median 
plane  and  so  near  the  eyes  Uiat  the  internal  recti  muscles  can 
direct  the  axes  of  vision  simultaneously  nj>on  it  but  are  unable  to 
hold  them  cimtinuously  there.  Now,  if  we  place  Iwfore  each  eye 
n  ]*nsm  with  it.s  refn«.-ting  angle  ttirnwl  outwiird,  the  place  of  the 
r^'lirial  image  m  will  Ix;  moved  to  vi'  on  the  mcilian  side  of  the 
macula  lutea.  Double  images  appear,  but  are  almost  immediately 
unittnl,  as  the  corncii  turns  spontaneously  outward  autJ  the  macula 
lutea  iuwar^l.  Meanwhile  the  accommodation  remains  uiichaugetl, 
and  is  directed  ujmn  the  distance  of  the  iwiint  a,  while  the  axefi  of 
vision  intersect  at  the  more  distant  point  a'. 

We  have  thus  substituted  prisma  ftir  the  action  of  the  recti 
intemi  muscles,  just  as  convex  lenses  may  bo  stibstitutcd  for  the 
action  of  accommodation.  But  while  the  use  of  tvnvex  lenses 
presents  no  dil&cullies,  that  of  piisnis  has  very  narrow  limits. 
How  much  now  can  \te  accompIishe<l  within  these  limits?     The 
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anjiwer  to  this  qtieHtion  tlepeutU  upon  the  situation  of  the  far 
point.  The  nearer  the  point  npou  which  the  visual  axes  must 
cimverge,  tiie  IisnS  tht;  eflTwt  of  prlsius.  The  niiniiiiiim  of  devia- 
tion in  the  case  of  weak  prisms,  thus  empUwed,  ia  equal  to  about 
half  their  refracting  angles ;  for  stnjnger  pri.sms  it  is  somewhat 
more.  We  can  calculate  llie  place  of  the  appai'ent  image  of  any 
given  object  when  seen  through  jtrisms. 

A  nivope,  without  the  help  of  contaive  glasses,  can  get  no  JIh- 
tiuot  iDiaf;e  of  ai»  object  fyiug  Ijcyoud  his  far  point.  If,  for 
instance,  his  far  point  bo  ICK)  mm.,  or  about  4  inches  distant, 
then  M=J.  If  convergence  upon  tlii^  ]>oiut  cannot  be  main- 
tninc<l,  the  ]>oint  of  intcrs«xi"ion  of  the  axes  of  vision  mn  bo  re- 
moved farther  from  the  eyes  by  placing  In  front  of  each,  a  prism 
of  4°,  with  the  rcfnicting  angle  turned  outward.  The  calcula- 
tion shows  that  the  jKiint  of  intersection  is  thus  removed  15  mm. 
Instead  of  converging  upon  a  |)oint  100  mm.  distant,  it  is  now 
ne<'essary  to  converge  upon  a  point  115  ram.  dist:int  (less  tlian  4i 
inc'lk-s).  But  it  is  still  (jucjttionable  whether  most  niyo]K>s,  under 
stich  circumstances,  may  not  prefer,  in  place  of  so  inadequate  as- 
sistance, either  with  or  without  prismatic  spectacles,  to  renounce 
binrxMilar  vision,  and  to  see  distinctly  with  relative  divcrgtiuis'  and 
monocular  vision. 

Kvcn  with  stronger  prisms,  little  more  can  be  accomplished. 
Prisms  of  6°,  <vitb  their  bastw  turned  inwanl,  [)la(xid  liefoR*  each 
eve,  with  an  object  distance  of  4  inches,  remove  the  apparent  place 
of  the  image  only  to  4J  inclus.  The  convergeuw  net^essaiy  for 
binocular  vUiou  is  therefore  only  slightly  dimiiiihheil. 

The  relations  are  more  favomblc  ^^'l^cn  it  is  possible  to  employ 
greater  distances.  An  object  being  10  inches  distjint,  a  prism  of 
4*^  before  ei»ch  eye  removes  the  apparent  place  of  the  image  toward 
whi<'h  the  visual  axes  must  converge  to  a  distance  of  12J  inches. 
If  now  it  is  wished  to  use  the  eyes  upon  work  at  a  distance  of  12 
inches,  these  same  prisms  make  it  possible  to  maintain  binocular 
fixation  with  u  convergence  of  the  visual  axes  of  not  more  than 
18  inches. 

Prismatic  spectacles  arv.  more  usefid  the  greater  the  distance  of 
the  work  u\nw  which  they  are  employed.  For  this  reiLson,  in 
many  cases  of  myopia,  more  cjui  l>e  accom[)liii!ihed  with  concave 
prismatic  glasses  than  with  simple  prisms.     Such  glasses,  it  is 
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true,  ftlwaj-s  give  somewhat  irregular  rotiiml  images,  on  accouut  of 
the  asymmetric  refraction  causi'il  l>y  the  inclined  position  i>f  the 
curved  surfaces. 

Convex  lenses  whose  axes  do  not  coincide  with  the  axes  of 
vision  act  as  sphero- prismatic  lenses.  The  degree  of  refraction 
whieh  they  cause  depends  on  the  focal  distance  of  the  lenso,  and 
the  degree  of  their  eccentricity.  If,  for  instance,  a  6-inch  ci>nvex 
lens  l>e  so  pla<«d  in  spectacle  frames  that  its  optical  centre  is  \  of 
an  inch  towartl  the  nietlian  lint*  of  tlio  visual  axis,  the  same  effwt 
is  produced  as  by  combining  a  convex  lens  of  6  indies  focal  dis- 
tance with  a  prism  of  4°,  with  its  refracting  angle  tarried  out- 
ward. With  wejiker  glasses  and  less  eccentricity  the  effect  is 
naturally  slighter. 

STENOPAIC   APPAKATU8. 

Donders's  steuopaic  apparatus  is  an  arrangement  by  M'hich  the 
rays  of  light  are  admiUed  to  the  eye  only  through  a  small  circu- 
lar opening  or  a  very  narrow  stit.  It  is  an  indispensable  instru- 
ment in  diagnosticating  anomalies  of  refraction.  The  use  of  this 
ap|)aratus  often  t-auaes  a  nmrkwl  improvement  of  vision  in  cai?os 
of  cloudiness  of  the  coruea,  leua,  or  any  of  the  refracting  metlia. 
But  it  is  seldom  possible  to  wear  it  in  the  form  of  spectut'les, 
because  the  field  of  vision  is  made  so  small.  It  is  most  applica- 
ble to  spectacles  whicli  are  used  ou  near  objects. 

Donders  r«iromm('n<ls  stenopaio  spectacles  in  cases  of  high 
decree  of  myopia  combined  with  loss  of  distinct  vision,  where 
the  proper  correcting  lenses  cause  only  slight  impi^vement  of 
vision  for  distant  objects,  because  the  retinal  images  are  rendered 
80  small.  Concave  glasses,  too  weak  to  i'ully  correct  the  myopia, 
give  larger  retinal  images;  but  uuder  these  conditions  the  pupils 
are  quite  large,  and  tbe  oircUw  of  diffusion  are  corres|K»ndingly 
annoying.  A  combination  of  these  weak  lenses  with  a  steuopaic 
0|)eiiing  of  at>out  1  mm.  <liamctcr  lessens  the  size  of  the  circles 
of  diffusion  without  affecting  that  of  the  retinal  images. 
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Blue  or  smoke  ^iflBes  are  the  best  to  protect  the  eyes  against 
dazzling  light.  In  onler  to  protect  the  whole  field  of  vision  as 
uniformly  as  |H>s3iblu,  tlic  spectacles  should  lie  shaped  like  wat<'h- 
glasses,  or  else  be  provided  on  the  temporal  side  with  a  small 
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ade  of  fiiJk  nr  of  rtilored  glass.  If  this  precatitinn  h<?  not  oH- 
erved,  the  light  falling  npon  the  eyes  from  tlie  side  becomes  the 
more  annoying  the  darker  the  glass.  It  is  not  advisable  to  wear 
such  glasses  when  tlie  light  is  not  dazzling,  a«  (he  jiractifs?  rather 
tends  to  inoreasc  the  scTisitivene-«s  to  the  impression  of  light.  It 
mu^t  also  be  reuienibered  that  the  darker  the  glaasea  the  more 
healed  they  become  when  exposed  to  the  sun,  and,  txinsequeutly, 
the  more  hurtful  to  the  eyes. 

THE  OPHTHAIjMOBCOPK. 

In  the  ophthalmoscopic  illumination  of  the  eye,  the  fii*st  con- 
dition to  be  fultill'Hl  is  that  light  slutll  Im.^  thrown  into  it  in  the 
direction  of  the  visual  axis  of  the  observer. 

The  constniction  of  the  varioiLs  ophthalmoscopes  by  which  the 
fundus  of  the  eye  is  illuminated  will  be  brieHy  explaincil  in  the 
tatter  ptirt  of  this  section.     They  have  all  the  common  object  to 

St  np<^n  the  fundu-i  of  tln^  eye  either  a  <li8tinct  or  a  diffiisc  image 

tbe  light  used  for  illumination.  This  beiug  uceomplisherl,  we 
mu8t  next  see  what  happens  with  the  rays  which  have  been  united 
uiKin  tJie  fundus  and  have  there  formed  an  iniagti  of  the  light. 
P.-vrl  of  them  are  absortjcd  by  the  pigment  in  the  fundus;  the 
remainder  are  retiected  diffusely,  and  a  j>nrt  of  these  thu»  dilfusely 
reflecte*!  rays  i»ass  out  nf  the  eye,  througli  the  pupil,  through  the 
ophthalmoe(X)i)C,  and  into  the  eye  of  the  observer.  To  him,  tht'rc- 
fore,  the  pupil  of  the  eye  examinetl  appears  brightly  ilhmiiuated. 

What  now  is  the  exact  direction  of  the  rays  reflected  from  the 
fundus*  of  the  eye  after  they  emerge  from  the  refracting  mtnlia? 
This  question  can  be  easily  answere<l  so  soon  as  we  know  the  jKisi- 
tion  of  the  fundas  in  relation  to  the  focus  of  the  rcfntcting  meflia. 
If,  as  in  the  enmietropic  eye,  the  length  of  the  visual  axis  equal 
tJie  fooal  length  of  the  dioptric  appa- 
ratas,  then  will  the  rays  from  each 
illuminated  point  in  the  fundus, 
after  their  exit  from  the  refract- 
ing metiia,  form  a  parallel  beam. 
Since,  for  example  (as  in  Fig.  19), 

rays  of  light  which  full  parallel  upon  the  schematic  eye  arc,  after 
tlieir  refraction,  focusetl  upon  the  fundus  at  r;  conversely,  rays 
which  proceed  from  r,  after  their  exit  froni  the  eye,  are  parallel. 


Fio.  19. 
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li*  now  the  observer  l)e  emmetropic,  these  parallel  raj's  falling 
U]X)»  his  cornea  will  l»e  focuBCfJ  u|>on  his  retina.  For  each  point 
of  the  fundus  of  tlie  examined  eye  he  will  receive  a  distinct  reti- 
nul  inia^e;  that  is  to  say,  he  can  see  the  fundus  without  any 
further  optical  aid. 

The  dioptric  apparatus  of  tlie  eye  eatamined,  serves  the  observer 
juj^t  i\&  a  lens,  by  means  of  which  be  can  see  an  object  (in  this  ease 
the  fun(bis)  placcil  at  its  fofm;*.  The  lens  gives,  under  these  cir- 
cumstanu^,  an  upright,  eulai^Cil  imuge,  and  for  that  reason  this 
kind  of  ophthalmoscopic  examination  is  called  "the  examination 
in  the  upright  image," 

Later  we  will  speak  of  the  mwlifiuation  of  this  examination  in 
ca^ee  where  the  observer  is  not  emmetropic.  For  the  present,  to 
avolil  complication,  we  will  suppose  liiai  to  Ite  so. 

The  moat  favorable  condition  under  which  to  see  an  object 
at  the  focal  distance  of  a  lens  is  to  place  onr  own  eye  as  near  as 
pfissilde  to  the  lens.  Only  under  this  condition  do  we  liave  the 
field  of  vision  in  its  greatest  extent.  As  we  increase  the  distant^ 
between  our  eye  and  the  lens,  (here  is  only  an  apjKirent  enlarge- 
ment of  (he  image;  simultaneously,  however,  the  size  of  tlie  visaal 
lield  is  rapidly  diminished. 

It  follows,  therefore,  that  to  examine  the  fundus  of  an  emme- 
tropic eye  in  the  upright  image  the  examiner  must  place  his  own 
eye  as  near  as  possible  to  it.  If  he  place  his  own  eye  at  too  great 
a  distance,  the  field  of  vision  I)ecomeB  so  contracte<l  that  small 
objects,  no  broader  than  a  retinal  vessel,  entirely  fill  it.  It  is 
no  longer  possible  to  obtain  a  complete  and  distinct  view  of  the 
fundus. 

The  size  of  the  visual  field  is  always  somewhat  .smaller  than 
the  pnpil  of  the  eye  under  examination.  It  is,  moreover,  some- 
what obsoui-ed  by  the  unavoidable  corueid  reflex.  A  second  essen- 
tial condition  to  be  fulfilled  is,  that  the  observer  relaxes  fully  his 
aoeonnncxlation,  so  that  his  eye  is  adjusted  for  parallel  rays.  The 
same  applies  to  the  eye  under  examination.  Their  uearncss  to 
each  other  causes  a  tendency,  both  in  the  examined  eye  and  in 
that  of  the  examiner,  to  invohintar)*  arrommo<lation.  This  may 
Ik;  av<»ided  on  the  part  of  the  patient  by  directing  his  attention 
U]x>n  some  distant  object.  The  examiner  must,  however,  learn 
without  any  such  help  to  avoid  all  accommodation.     If  he  cannot 
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do  this,  he  ts,  <luring  an  0{>hthulmci8c^)]>ic  cxuiiitiiation,  in  the 
aanto  condition  iis  a  myope,  und  must  iimke  iujg  ol'  tliv  8ume  aitiauH 
«if  oorrec'tioa. 

If  the  eye  under  examination  Iw  myopic,  the  relations  are  those 
shown  in  Fij;.  20. 

FiQ.  20. 


Rays  whicli  fall  parallel  npun  the  cornea  are  focused  at  f  in 
front  i\i'  the  retina.  In  order  to  oast  its  imnp:-  upon  the  rotina, 
the  luminous  jMunt  must  approach  the  eye  ta  the  jxiint  /■.  Then 
rays  of  light  which  diverge  from  the  point  r'  within  the  eye  will, 
after  their  exit  fri^)m  it,  converge  towani  the  [wint  r. 

Assuming  entire  relaxation  of  actwnmiodation,  the  ravs  of  light 
which  diverge  from  the  fundus  of  a  myopic  eye  will  l>e  fwused 
at  the  far  point  of  the  eye.  At  this  distant?  an  enlarged  inverted 
image  of  the  fundus  is  formed.  In  the  ophthalmoM-opic  exami- 
nation of  a  myopic  eye,  tlie  rays  emerge  from  it  in  convergii»g 
beami!,  and  they  cannot  be  uuited  in  a  distinct  retinal  image  in 
the  eye  of  an  emmetrr^pic  observer.  He  will  act'iH-dingly  see  the 
fundus  of  the  myopic  eye  only  in  indistinct  outlines.  In  ortler 
to  get  a  distinct  image  the  c<mvergcnt  beams  must  be  converted 
into  i^wrallel  ones. 

In  Fig.  21,  let  A  be  the  myopic  eye  under  examination,  and  Ji 
the  emmetropic  eye  of  the  observer  atljusted   for  parallel  rays. 

Fiti.  21. 


The  rayi?  fi-om  the  jxtint  a  of  the  eye  ^1  will  intersect  at  the  far 
point  rt'.  Suppose  this  distance  to  be  10  inches  (M=^).  If 
now  there  be  placed  in  front  of  the  eye  B  a  concave  lens  of  sudi 
a  jwwer  that  its  negative  focus  coincides  with  the  point  a\  then 
rJie  rays  which  fall  convcrgently  upon  it  will  be  rofmcted  into 
parallel  ones,  and  will  consequently  form  a  distinct  retiual  image 
iu  the  eye  B.     If  the  distance  between  the  concave  gla.ss  and  the 
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eye  A  be  2  inches,  the  conrave  lens  must  have  n  iWtx]  (ViMnncc 
of  8  inches.  The  fundus  is  seen  just  as  is  an  ohject  throuj^h  u 
Bruoke  lena.  The  nonvex  glaas  of  the  iustrunient  eorres|>ontis 
with  the  refrartiii^  appnratus  of  the  niyopir  eye,  while  the  ocular 
cxirresponcis  with  the  (xincave  glims  in  front  of  the  eye  of  the 
observer. 

It  follows  from  what  has   been  said   that  in  high  degrpw  of 
myopia  the  image  may  ho  formed  within  u  very  few  inchts  of  the 

Fio.  22. 


eye.  If,  for  instance,  in  Fig.  22,  the  far  point  r  of  the  eye  bo  at 
a  distance  of  3  inches,  an  inverted  enlarged  ima^,  n',  will  be 
formed  at  that  dintance.  The  observer,  wliose  axis  of  vision  is 
directed  upon  /i,  needs,  in  ortler  to  see  the  image  at  h',  only  to 
withdraw  so  far  from  it  that  he  can  aecommodute  his  eye  U(>on  it, 
or  he  may  use  a  weak  convex  lens,  sjiy  -^  ^.  He  ean  thus  get 
an  inverted  enlargetl  view  of  any  part  of  the  fundus.  If  the  ob- 
server approaches  the  observed  eye,  the  invertetl  image  become* 
hidistinct  so  soon  as  it  comes  to  lie  l>etween  the  observer's  eye 
and  his  near  point.  As  he  approaches  still  nearer  it  becomes 
unrecognizable. 

The  extent  of  the  visual  field  depends  upon  the  size  of  the  pupil 
of  the  eye  observed.  But  even  with  the  pupil  fully  dilatetl  it 
must  always  be  rather  smalt,  since  the  distauce  between  the  ex- 
aminer's and  the  examined  eye  must  net^essarily  be  from  8  to  12 
inches. 

If  the  examined  eye  is  hypermetropic, — tlrnt  is,  if  the  fundus  lie 

Flu.  23. 
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in  front  of  the  focus  of  the  dioptric  apfmnitns, — then  will  the  light 
reflected  from  a  (Fig.  23)  diverge,  after  its  exit  from  the  eye,  as  if 
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it  liacl  proceedal  from  the  point  a'.  In  this  examination  the  re- 
lations nrc  the  ?ame  as  if  we  were  examining  the  fiindns  with  a 
leus  wliich  relatively  t<»  its  On-al  distance  had  approached  too  near 
tlie  eye,  or,  in  other  wonJs,  as  if  we  were  examining  with  too 
weak  a  lens*.  Under  these  ismditlons  the  eidargement  diinlnishi's, 
while  the  extent  of  the  field  inereas**).  In  emnietrupiu  we  were 
alwnvs  compelle*!  to  npproaeh  as  nejir  us  possible  in  mnkintj  ttur 
.examination,  IjeeauMe  UfUMi  withdrawitijf  from  the  eye  the  field  of 
vision  diminished  so  rajiidly  that  soon  even  the  smallest  objects 
ooiild  not  be  seen.  This  disadvantage  becomes  less  in  hyperme- 
tropiu,  and  this  is  the  reason  for  the  easily  ol)serve<l  and  ehame- 
leristic  phenomenon,  that  immediately  n|>on  making  the  ophthal- 
mnsoopie  examination  the  oWrver  sees  the  various  parts  of  tlie 
fundus  in  an  npri^dit  enlarged  image.  Since  the  place  of  this 
image  is  l»eliind  tfie  eye  under  examination,  the  ol>servftr  must  reg- 
ulate his  accommodation  acconiingly.  Upon  approaching  the  eye 
the  size  of  the  visual  field  increases,  but  it  can  happen  only  in  eases 
of  the  highest  degree  of  hyperraetropin,  lu  which  tlie  far  point 
lies  oidy  a  few  inches  liehind  the  eye,  that  the  image  heeomeri  in- 
distinct, by  reason  of  its  lying  within  the  near  point  of  the  observer. 

Instead  of  employing  his  accommtKlatinn,  it  is  in  general  better 
for  the  observer  to  use  a  t^invex  lens.  The  lens  should  l>e  h> 
chosen  that  its  focus  coincides  with  the  far  point  of  the  examined 
eye.  If  with  his  own  eye  plac^nl  as  near  as  possible  to  tlie  exam- 
ined eye  the  observer  am  still  see  thedetaihtof  the  fundus  through 
a  convex  lens,  hyjx'rmetropia  exists. 

All  the  rules  which  have  been  given  are  equally  api)licuble  to 
the  case  of  an  examiner  who  is  not  emmetropic,  provided  he  tirst 
correct  his  ametropia  by  a  suitiible  lens. 

To  examine  ai»  emmetropic  eye  in  the  ui>right  image,  a  myo]>e 
must  use  a  roneave  lens  which  fully  neutndizes  his  myo]>ia,  whi<'h 
places  his  far  point  at  an  infinite  distance,  in  short,  which  makes 
tlie  relations  the  same  as  in  emmetrfipia.  A  fad  may  liere  l>e 
mentioned  which  Helmholtz*  first  cjiltwl  Httenti<m  to.  It  is  this, 
that  an  emmetro|>c  requires  a  somewhat  stronger  concave  lens  to 
the  fundus  of  a  myopic  eye  than  does  a  inyof)e  to  see  the 
fundus  of  an  emmetropic  eye.     As  already  shown  in  Fig.  21,  the 
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focal  distance  of  the  Itiis  iist^l  by  the  «mraetropiL'  obwrver  must 
be  shorter  tlmn  that  used  by  a  nivnptt;  obeervi^r  by  a  (liHtance  equal 
to  tliat  ut  whioh  the  eye,s  am  belt!  from  wicli  other  during  the 
fxiirniimtion. 

In  examininir  u  niyopic  oyp,  a  myope  must  cornict  by  tlie  use 
of  a  eonc-avo  leii8  not  only  \m  owu  myopia  but  that  of  the  patient. 

A  rayope  may  examine  a  hypermetropic  eye  without  concave 
glasses,  provitled  the  liy|>ornielropia  be  somewhat  jjreater  than 
his  own  myopia.  It'  the  hy|xrmeti*opia  bo  less^,  the  myope  will 
require  a  romave  lens  which  will  remove  his  far  ]K)iut  till  it 
coincides  with  that  of  tlie  hypermetropic  eye. 

A  hypermotropc  can  examine  an  emmetropic  eye  with  his  own 
oorrei^ting  glasses.  For  a  ilcgrco  of  myopia  somewhat  leas  than 
hi.s  own  hyiiennetropiu,  he  requires  uu  e)»rrectinj^  fihisaoa.  If  ihe 
myopia  is  greiiter  than  hi?;  own  hyiwirmetropia,  he  must  by  the 
wse  of  a  concave  lens  so  chan^  the  direction  of  the  convergent 
rayn  from  the  myopic  eye  that  they  shall  ti_>nver^'  toward  his 
owu  far  |xiiut.  For  u  hypermetrnpe  to  ex:imine  u  hypermetropic 
eye  in  tl>e  upright  image,  he  must  either  accommodate  strongly  or 
use  convex  glassen. 

EXAMINATION   IN  THE   INVERTED   IMAGE. 

Wit  will  siii>|>(iso  the  fnnduM  of  the  eye  in  Fig.  24  to  be  illumi- 
nated, and  that  the  rays  emerging  from  the  pupil  are  receivetl  by 
the  convex  lenac;  theu^  according  to  known  lawfi,will  the  niys  pro- 
ceeiling  from  a  be  again  united  at  the  point  a'.     It'  tlie  eye  under 

Fio.  24. 


e:camination  Iw emmetropic, so  that  the  raysof  light  upon  emerging 
from  the  pupil  are  parallel,  then  will  the  jxuut  «'  etiincide  with 
the  principal  focus  of  the  convex  lens.  If  the  eye  be  myopic,  the 
rays  fall  converging  U|x>n  the  convex  lens,  and  the  |H)!ut  u'  will 
lie  neiirer  to  it  than  its  principal  ftHms ;  in  hyjwrmetropia,  where 
the  light  diverges  from  tlie  eye,  the  [wiut  a'  will  lie  beyond  the 
principal  focus.     The  position  of  the  |>oint  A'  \»  fouud  in  the  same 
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way.  The  direction  of  tlie  rays  proceeding  from  ft  is  determined 
by  a  lint:  wliicli,  proceeding  from  the  poitil  h,  iutei>'ects  tlie  line 
a  a*  at  the  nodal  poiut  of  the  eye.  One  of  the  rays  belonging  to 
this  benm  will  pass  through  the  nodal  point  of  the  lens  o,  and  is 
therefore  the  axial  my  npon  wli[<'li  all  the  rays  l>elonj5ing  to  this 
beam,  whieli  are  refnietetl  in  the  lens,  are  united  (for  iustiuice, 
at  ft'). 

It  is  evident  that  the  inverted  image  is  so  much  the  greater  the 
iter  its  distance  from  the  convex   lens,  since  tiie  farther  a'  is 

loved  the  greater  will  he  the  distance  between  a'  and  ft'. 

Now,  in  order  to  see  distitictly  the  invertefl  image  cast  in  this 
manner,  the  <il>!ierver  has  only  to  take  care  that  his  line  of  vision 
coincides  with  the  line  a  a'  and  tliat  liis  acLS)mmrnlati()n  is  adjusted 
ti|K)n  the  image  a'  ft'. 

The  size  nf  the  field  of  visimi  in  the  examination  in  the  inverted 
image  depertds  ou  the  eixe  of  the  pupil  in  the  eye  under  examina- 
tion and  on  the  focal  length  of  the  convex  lens ;  the  shorter  its 
focal  distance,  the  less  tlie  enlargement  and  the  greater  the  (Uld 
of  virion.  A  proper  holding  of  the  convex  lens  is  of  great  im- 
portance. Its  distance  from  the  eye  under  examination  should 
Ix;  almut  tliat  of  its  focid  lenf^th.  If  the  cunvex  lens  be  so  liehl 
that  rays  of  liglit  whicli  fall  parallel  upon  it  are,  after  their  r^- 
fraction.  unitt*d  exactly  at  the  plane  (vf  the  pupil  nf  the  eye  under 
examination,  then,  conversely,  will  niys  of  light  diverging  from 
every  |xiint  in  the  plane  of  the  pupil,  after  their  refractiim  in  the 
convex  lenH,  l>et7ome  pandlel.  In  this  ctise  the  image  of  the  pupil 
cast  from  the  convex  lens  attains  its  greatest  dimoiisions;  since  it 
lies  at  an  infinite  distance  it  will  be  infinitely  large.  If  the  con- 
vex lens  be  held  tiMj  near  the  eye,  it  casts  a  virtual  image  of  the 
iris;  if  too  far,  a  real  image.  In  both  cases  the  field  of  vision  is 
diminished. 

SIZE  OP  THE  ornTiiAi.Moecopic  image. 

We  base  our  discussion  of  the  size  of  the  ophthalmoscopic 
image  upon  Listing's  schematic  eye  as  reduced  by  Donders.* 
Tlie  entire  dioptric  a[iparatus  is  here  represented  by  one  curvwi 
Burface  Iwunde*!  in  front  by  atmospheric  air,  hohind  hy  the 
ftqueous  humor,  an<I  whose  radius  of  curvature  is  h  millimetrL^. 
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The  point  <•,  Fig.  25,  lying -5  millimetres  beliiinl  (he  [Kiint  A  of  the 
curvwl  f*iirriiee,  is  theoptirail  wntre.  The  imlex  of  refmr'ti'm  is  =  j. 
l^VM  oi"  light  wliifh  lull  parallel  upon  the  aiitorior  curveiJ  fiurfaw 
are  united  in  the  second  medium  at  f ",  20  millimetres  Iwhind  h  ; 
the  length  of  the  lucis  of  vision  is  20  niillimetn^'^,  and  flKMlir^tjtm'C 
f  f"  must  consequently  he  16  niillinieti*es.  Ju  making  tlu-ophthal- 
mosoopic  examination,  we  place,  as  in  Fig.  25,  two  emmetropic  eyes 

f>f>jiositL'  eai'li  other.  It  is  plain 
lliut  all  the  rays  of  light  proeued- 
ing  from  the  )>oint  a  in  the  eye  A 
will,  after  emerging  from  Jl,  form 
a  l>eiim  whose  direction  is  deter- 
mined hy  iheaxiiil  ray  «  e.  One 
of  the  rays  l^elonglng  to  this  heam  striking  the  eye  7i  wil!  be 
direoterl  upon  the  ntMlal  point  /;  of  this  eye,  and  will  consequently 
pass  through  it  uni'ofracted,  forming  the  axial  ray,  ujion  which 
all  the  rays  proceeding  from  n  will  intersect;  oc  will  »ronsequenlly 
be  the  opticid  image  of  the  [Miint  a.  Since  upon  our  supposition 
the  lines  «  c  and  oc  />■  are  i>arallel,  the  angles  a  c*--"  and  oc  A*/ will 
lie  equal. 

An  immoflinte  onsequence  of  our  Mippo^iitinii  is  (hat  the  image 
and  the  object  have  the  same  size;  or  in  this  particular  ca^t!  the 
optic  disc  of  the  eye  A  i^«ts  in  li  a  retinal  image  exactly  as  large 
as  itself.  The  distaiir'c  hetwcLiii  the  two  eyes^  has  no  eirw.'t  on  the 
si/e  of  the  image:  it  is  plain,  Jiowever,  that  the  field  of  visitm 
bewmics  smaller  the  more  A  and  Ji  are  removed  from  each  other. 
Under  what  angle  now  does  ihe  optic  diw:  of  the  eye  -1  appear 
to  the  eye  lif  Evidently  it  is  the  angle/A*  ex,  which  we  call  the 
angle  of  vision.  IL'^  size  is  eJL«ily  calculated.  If  jfc  y"  =  c  y "  =: 
ir»  millimetres,  and  if,  for  simplicity,  we  rail  the  diameter  of  the 
optic  disc  1.5  millimetres,  then  the  angle  of  vision  expressed  tu 
terms  of  the  arc  of  a  circle  =  y|,  or  in  degrees  ys^^xi  ^  ^^0° 
=  5.73°. 

What  now  arc  the  relations  when  the  eye  A  is  not  emmetropic? 
If  j4  be  myopic  in  (wusequence  of  elongation  of  its  axis,  and 
if  ita  far  point  lie,  for  instance,  139.5  mm.  in  front  of  k  (that  is, 
myopia  of  alM>ut  J),  we  cjin  find  the  length  of  its  axis  by  c-alcu- 
liiting,  witl»  Inference  to  such  a  far  |Hjint,  the  ci>ujugate  ftn-us  in 
the  eye  ij,  whose  curved  surfaces  of  course  remain  unchanged. 
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The  formula  for  the  nalpnlution  is  ^=^— 4»*  in  whieh  Fh 
the  cfiiijugate  fwiil  Jislaut-e  sought,  tf"  the  princi|>al  fo«il  distance 
^  2U  mm.,  n  the  index  of  rcfrnctiou  =  J,  and  a  the  distance  of  the 
object  from  tlie  anterior  ourve<I  surface  A  =  134.5  mm.  This 
calculation  sJiows  nil  increase  in  the  axis  of  2.5  mm. 

In  Fig.  2<5  the  eye  A  hjis  an  axis  of  22.5  ram.,  and  did  nut  the 
emmetropic  eye  of  the  observer  intervene,  the  object  a  b  would 
cast  its  enlarged  inverted  image  a'  &'  at  a  distance  of  13U.5  mm. 

from  k, 

Fro.  2«. 


All  the  rays  convolving  toward  a  become  parallel  after  passing 
througt)  tlie  concave  glass  ^,  provided  tlie  negative  fooal  ]>nint  o^ 
c  coincide  with  a'.  Further,  one  of  the  rays  converging  toward 
b'  will  pass  through  the  opti«il  centre  of  the  concave  lens  e,  and 
will  indi<-ati>  the  <]in*ction  of  the  parallel  fieam,  into  which  all  the 
rays  converging  toward  6'  have  been  cunverted. 

We  need' only  draw  through  /;',  the  optical  centre  of  the  eye 
Ji^  a  lino  parallel  to  the  line  c  b'  U.}  obtain  the  axial  ray,  ujxm 
which  the  image  of  A'  {P)  is  iormed. 

The  angle  f "  k'  /5  is  therefore  the  visual  angle  under  which  the 
object  ab\s  seen  ophthalmascopically ,  and  we  will  in  future  desig- 
nate it  by  the  letter  d,  Tt  is  evident  from  the  figure  that  the  size 
of  Uiiti  angle  <lu|jenUs  on  the  distance  of  the  concavi*  glass  c  from 
the  eye  A,  The  more  the  concave  gla**  approaches  the  image 
«'  6',  90  much  the  shorter  is  its  conjugate  focji!  distance,  so  much 
the  greater  becomes  tlie  angle  //  r  a\  whiL^i,  as  a  jxiniUel  anglu, 
is  equal  to  the  angle  </,  so  murh  the  greater  is  the  image,  but  so 
nmrh  the  smaller  is  the  field  of  virion.  The  cnitditions  an'  simi- 
lar to  those  in  a  Briicke  lens  or  a  tialilean  telesi^pc.  It  is  only 
ncceewaiy  in  Fig.  26  to  substitute  a  c«nvex  lens  for  the  eye  A.  In 
I  the  Galilean  telescope  the  pnnci^ml  focus,  and  in  Briicke's  lens 
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tlie  conjugate  focus,  with  reference  to  the  object  distance,  coincide 
with  a' :  the  rest  is  unt-lmnf^Mi. 

'i'he  value  of  the  angle '/  is  deterniiuetJ  bv  the  following  oilt'iila- 
tion.  As  already  said,  f/  =^  nngle  rt'  c  &';  oonsequentl)',  exprt^scd 
in  terms  of  the  arc  of  a  circle,  t/  =  "'". 

The  value  of  a'  h'  is  determined  from  the  proiwrtion  «'  A'  : 
ah  :  :  a'  A  :  a  k.  Now,  a  k  =  h  a  —  A  k, — that  is,  =  22.5  -  5 
=  17.5  mm.  a'X*^  139.5mm.  Then,  taking  from  the  above  a  A  = 
1.0  mm.,  we  have  a'  1/ ^  ^^-{V.|^  '^joousequcntly  (/=  LA^^^^-^, 
or  expi*esKxl  in  decrees,  (i  =  ~^-^^^^-^—  >;  180°, 

'^  fa  )  "'ex  17  5X314 

The  siaie  of  the  visual  anj^Ie  under  which  the  optic  nerve  of 
the  eye  A  appeal's  depends  upon  the  distance  of  the  correcting 
concave  jj[his»  from  the  eye  under  examination,  always  jirovided 
that  the  negative  focal  distance  of  the  lens  coincides  wltli  (lie  far 
point  of  the  eye. 

If  we  hold  a  concave  lens  of  124.5  mm.  focal  length  in  front 
of  the  mirror  at  the  same  distance  as  that  at  which  a  8j>ectaoIe- 
glaijs  is  generally  worn,  that  is,  1 5  mm.  from  kf  the  value  of  the 
angle  ti  =  5.4**.  But  if  we  place  the  concave  lens  U'hind  the 
mirror  so  tiiat  its  distance  is  50  mm.  from  /:,  the  optiud  wutre  of 
the  examined  eye  Aj  itfi  focal  distance  must  be  89.5  mm.,  and  the 
angle  fl  h  then  ^7.4°. 

If  the  diiigmmmatic  eye,  while  retaining  an  axis  of  20  mm.,  be 
adjusted  for  a  distance  of  139.6  mm.  by  a  change  of  curvature,  it 
\vill  have,  according  to  Dondcrs,*  a  radius  of  curvature  of  4.5  mm.^ 
consequently  a  k  will  e<]ual  15.5  mm. 

Substituting  this  value  iu  the  aU>ve  formula,  in  an  ophthalmo- 
scopic examination  with  a  concave  lens  of  164,5  mm.  fo«il  lengtli, 
held  at  a  distance  of  1.^  mm.  from  i*,  the  optic  nerve  would  ap)*eur 
under  an  angle  of  6.7°  ;  if,  however,  we  use  a  conwive  lens  of  89.5 
mm.  focal  length  at  50  mm.  from  /:,  (he  visual  angle=8.59°. 

The  angle  under  which  the  optic  disc  appeai-s  in  hyiwmietropia 
may  he  calculated  in  an  analogous  munncr.  \Vc  will  suppose  the 
axis  of  our  diugrammatio  eye  to  l»e  shortened  by  2  mm.  Then 
the  di.-itance  ak=\'ii  mm.  AVe  have  first  to  (-alculate  toward 
what  jHiint  behind  k  rays  of  light  must  converge  in  order  to  Ije 
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focosed  at  a.  We  employ  in  this  cutculation  tiie  aamc  formula  as 
we  have  iweH  above  in  computing  the  increase  of  tlie  axis  of 
vision  iu  myopia,  namely,  j.  f  ^=  Jj,  in  which  a  represents  the 
distance  of  the  illuminated  |)oint  from  h;  i*'  ita  conju^te  foeal 
distance  (A  a  =18  mm.);  f"  the  focal  di&tancc  for  parallel  raya 
(A  p"=20  mra.j;  and  n  the  index  of  refraction  =^|.  Siiice  we 
know  the  value  of  all  the  quantities  except  a,  tlie  formula  becomes 

a  —  u!«      y 

From  the  calculation  we  6nd  rtr=  136.4  behind  A,  or  130.4 
behind  k  ;  we  have  very  nearly  H^. 

The  relations  are  analogous  to  those  in  myopia,  only  reversed. 
The  image  of  the  optic  disc  cast  from  the  refracting;  media  Ls  a 
virtual  one,  and  lies  130.4  mm.  behind  A.  In  order  to  convert 
the  rays  proceeding  from  this  virtual  image  into  parallel  ones  we 
need  a  convex  lens  whose  focal  distance  must  be  shorter  the 
nearer  wc  bring  it  to  the  eye  under  examination,  and  consequently, 
also,  the  visual  angle  becomes  smaller  the  farther  we  remove  the 
correcting  convex  lens  from  the  eye  examined.  If  we  hold  it  in 
front  of  the  mirror  15  mm.  from  the  optical  centre  of  the  eye 
examined,  we  have  for  the  «)ptie  disc,  whose  diameter  asnl>ove=Tl5 
mm.,  a  visual  angle  of  7.73°.  If,  on  the  wntrar}-,  we  place  the 
correcting  convex  lens  behind  the  mirrt)r,  60  mm.  from  the  optical 
centre  of  the  eye  examluctl,  the  visual  angle  dimitn'shes  to  4.7*)". 

But  if,  on  the  contrary,  n  diagrammatic  eye  with  an  axial  length 
of  18  mm.  act^mmmlate  itself  for  parallel  mys,  this  involves  a 
shorteulng  of  .the  radius  of  curvature  to  4.5  mm.  If  now  we  ex- 
amine the  eye  ophthalmosct>pical]y  in  this  condition, — that  is,  when 
the  hypermetropia  of  i  has  been  neutralizetl  by  an  effort  of  ac- 
commodation,— we  of  course  neefl  notwrrec^ting  lens,  since  the  rays 
of  light  reflected  from  the  fundus  already  emerge  parallel  from 
tlie  refracting  media.  The  optic  disc  appears  therefore  under  a 
vbual  angle  of  G.3°. 

Aooordiiigly,  an  optic  dis(>  having  a  diameter  of  1.5  mm.  appears 
as  follows : 

a.  In  emmetropia  under  a  visual  angle  d  of  5.7°. 

6.  In  myopia  with  a  far  point  139.5  mm.  distant, — that  is, 
about  MJ,— 

1,  with  coucave  124.5  mm.  at  a  distance  of  15  mm.,<i^5.4*' ; 

2,  with  concave  89.5  mm.  at  a  distance  of  50  mm.,  d^7A^, 

8 


106 


SIZE  OP  THE  opirrnAUioscopic  image. 


b'.  "With  the  same  degree  of  apparent  myopia, 

1,  with  ooiiL-ave  124.5  mm.  at  15  mm.,  (/  =  5.7* ; 

2,  with  concave  89.6  mm.  at  60  mm.,  d=  8.59^ 
c  In   hy[>ermetropia  with  a  u^ative  far  point   130.4   mm. 

distant, — that  is,  about  H^, — 

1,  with  convex  145.4  mm.  at  a  distance  of  15  mm.,  e/t=  5.7°; 

2,  withoouvex  186.4  mm. atadibtauoe of  50mm.,rf:=  4.76*'. 
c'.  In  the  same  degree  of  hypennetrojiia,  wiiich,  however,  is 

latent  tlirough  tousiou  of  accommodation,  </=6.3°. 

These  results  agree  with  tlio»e  of  Mauthner,*  Still,  I  am  in- 
clined  to  doubt  the  oonclusious  which  otherri  have  drawn  from 
these  calculations.  It  would  certainly  be  an  iiitcrc*.ting  fact  if  \vc 
could  determine  from  the  size  of  the  ophtlialniOi*copic  image 
whether  we  had  to  do  with  actual  or  with  only  apparent  emme- 
tropia, — that  is,  with  latent  hyjxrmetropia ;  and  so,  too,  whether 
we  hud  to  do  with  actual  or  with  apparent  myopia, — that  ia,  S|>a.sm 
of  aceommodatiou. 

In  the  fii-st  place,  the  question  munt  be  answered  whether  the 
optic  diac  may  be  regarded  as  of  an  invariable  size,  since,  of 
course,  tiie  size  of  the  ophthalmo&copic  image  depends  ujwn  the 
actual  size  of  the  disc.  In  tlii*  matter,  however,  it  is  certiiin  that 
there  are  individual  variations.  ActMjrdlng  to  Henle,t  for  instance, 
the  optic  nerve  in  the  plane  of  the  choroid  has  a  diameter  varying 
from  1.2  to  l.G  mm.  If  we  substitute  thctie  values  for  the  1.5 
mm.  assumed  in  the  original  calculation,  the  optic  disc  would  be 
seen  in  ihe  diagrammatic  eye  under  an  angle  varying  from  4.5* 
to  ti*^.  The  diflerence  is  1.5°, — ^that  i.^,  nearly  as  great  as  the  dif- 
ference between  the  visual  angles  in  manifest  IIJ,  examined  with 
convex  |  at  2  inchc-s  from  the  eye,  and  the  same  degree  of  hyper- 
motropia  nuLskcil  by  the  a<.^-oEnnKKhition.  In  such  a  case  we  should 
be  (hmbti'ul  whether  we  bad  before  iw  an  aiiutt>mically  large  or 
small  ()ptic  disc,  or  one  more  or  less  magnified  fur  optical  reasons. 
This  must  still  more  be  tlio  ease  in  slight  <legrees  of  hyijermc- 
tropia.  Cases  where  hypermetropia  of  i  remains  wholly  latent 
are  verj'  infrequent. 

In  myopia,  moreover,  the  enlargement  increa.scs  in  very  rapid 
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prc^reasion  as  the  corrocting  lens  is  witlulrawn  from  the  eye.  The 
nio^t  certain  method,  that  of  Cocciiifl,  is  to  hohl  tho  correcting  lens 
close  to  the  eye  under  examination;  but  just  in  thiit  case  the 
differeuce  between  the  images  in  apparent  myopia  and  in  actual 
myopia,  caascd  by  elongation  of  the  eye,  is  least  apparent. 

Still  more  important  is  the  fact  tlmt  we  posses  no  means  of 
measuring  the  size  of  the  upright  imago,  but  can  only  estimate  it 
approximately.  The  errors  likely  to  be  made  under  such  circum- 
stances may  be  shown  by  a  simple  exi>eriment.  Any  object,  say 
the  smallest  size  of  ordinary  print,  is  platHid  at  the  fo<^us  of  a 
couvex  lens,  provided  witli  a  diapliragm,  which  must  not  be  too 
fiinail.  If  now  the  obscri'cr  place  his  eye  close  to  the  lens,  he 
perceives  a  visual  field  of  a  certain  extent,  and  tlie  objects  in  it 
magnified  to  a  certain  size.  If  now  he  withdraw  his  eye  from  the 
lens,  he  can  scarcely  avoid  the  im[)resfiion  that  the  objects  Iwconie 
more  maj:;nifie<l,  Evidently  this  is  an  optical  illusion,  based  upon 
the  fact  that  the  relations  between  tlie  cnlurgeniciit  of  the  objects. 
and  the  size  of  the  vij^u.il  field  change  to  the  disadvantage  of  the 
latter.  The  objec^t  jMirtruyed  upon  the  retina  of  the  observer  is, 
boM'ever,  the  virtual  image  of  the  test  letters  at  the  focus  of  tlie^ 
convex  lens;  but  this  imsige  lies  already  at  an  infinite  distance 
behind  the  convex  Icus,  uiid  accordingly,  as  regards  the  size  of  tlie- 
retinal  image,  the  withdrawal  of  the  eye  a  few  inches  from  tjie- 
lens  has  no  effect.  If  we  prefer  to  assume,  with  Mauthncr,*  a, 
common  optical  centre  for  the  eye  and  tlie  convex,  lens,  it  is.  of 
>ursc  true  that  this  point  recedes  from  the  retina  the  more  thfs 
difttancc  between  the  eye  and  the  convex  lens  is  increased  ;  but  at 
the  same  time  the  distance  between  this  point  and  the  test  type 
behind  the  lens  increases  in  the  same  proportiouj  so  that  the  sfzi; 
of  the  retinal  image  is  unaHected.  That  this  last  must  be  the 
I  ease  wc  have  already  proved  by  Fig.  2o. 

We  have  hitherto  spoken  only  of  the  size  of  the  retiual  imago. 
Generally  the  proce.««  has  been  another  one,  and  the  attimipt  has 
to  determine  mit  the  visual  angle,  but  the  enlargement, 
iming  a  wi-calWI  "dist^nw  of  ttistinct  visiim,"  of  8  inches. 
From  the  present  stand-point  of  ophthalmology  it  seems  very  de- 
^rable  to  dispense  altogetlier  with  such  an  antiquated  idea  as  that 

*  I*,  c,  pag.  17», 
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of  "a  distance  of  distinct  vision."    There  is  no  more  reason  for 

asBOniing  it  to  be  8  inches  tlian  80  or  800  inches.  We  nieaaiire 
the  magDifying  power  of  a  telescope,  for  Instance,  by  super|)osing 
the  enlarged  image  of  a  distant  saile,  as  seen  by  the  one  eye 
througli  the  instrument,  u]ton  the  image  of  the  same  scale  as  seen 
by  the  other  and  naked  eye.  We  compare,  in  fact,  tlie  size  of 
the  retinal  images,  ur,  what  is  the  same  thing,  we  ascertain  by 
how  mufli  the  visual  angle  for  the  scale  in  question  is  increased 
by  the  teloscojM?.  Surely  nu  one  will  assert  that  the  moon  viewed 
thrtnigli  an  opera-glass  wliieh  magnifies  two  or  three  limes  a|)- 
pears  two  or  three  times  larger  than  this  celestial  bndy  would, 
could  we  observe  it  at  the  distance  of  8  inches,  the  so-called  dis- 
tance of  distinct  vision.  Now,  whether  we  observe  a  distant 
object  thi*ough  a  Galilean  telescope,  or  a  near  object  tlirough  a 
Brucke  lens,  or  tlie  fundus  of  a  myopic  eye  in  the  upright  image, 
with  the  help  of  a  concave  glass,  each  tase  is  govcrneil  by  exactly 
the  same  optical  laws,  and  it  is  impossible  to  measure  prtH-ts^see 
wiiioli  are  the  same  by  standards  wliich  are  different. 

Moreover,  it  is  plain  that  calculations  of  the  ophthalmoscopic 
enlargement,  based  upon  an  assumed  distance  of  distinct  virion 
of  8  indies,  furnish  inaccurate  results.  To  me  at  least,  the  optic 
disc  in  the  upright  image  appears  about  as  large  as  E.  v.  Jat^r 
has  delineated  it  in  his  uplithalmotscopii;  hand  atlas.  The  most  of 
these  figures,  as  the  author  expressly  states,  and  as  one  may  sat- 
isfy himself  by  measurement,  are  drawn  as  if  maguifietl  7-fold; 
how  does  that  agree  with  the  15-  to  24-fold  enlargement  which 
has  Ih'cii  calrulatwl  for  the  upright  image?  It  of  course  is 
undoubledly  true  that  a  virtual  image  included  in  a  visual  angle 
of  5.73°,  projectctl  at  a  distance  of  '2Qi}  njni.  (about  8  inches), 
would  have  a  length  of  20  mm.;  but  tu  nie  at  least  the  optio  disc 
never  ap(xiars  so  large.  This  question,  moreover,  is  of  no  practi- 
cal importance,  since  we  pcissess  no  means  of  meaisuring  tlie  size 
of  the  image,  but  are  8imi)ly  left  dej)endent  upon  a  metliod  of 
estimation  full  of  sources  of  error.  The  case  is  exat-tly  the  .sime 
as  in  magnifying  with  a  lens.  If  we  are  not  contented  with  reck- 
oning the  size  of  the  visual  angle,  but  insist  on  knowing  the 
degree  of  tlic  so-callctl  enlargement,  we  can  pnx^'ed  onlv  in  the 
nu'thnd  above  de^cril>e<l  for  measuring  the  telescopic  enlargemeut. 
We  designate  the  visual  angle  under  which  wc  sec  the  objcx-t  with 
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the  naked  ev*e  hy  the  letter  d,  and  the  angle  under  which  it  appears 
at  the  same  distance,  hut  with  the  help  of  the  magnifying  instru- 
ment, by  the  lettcrD;  then  evidently  the  cnlurgemont  i.s  expressed 
by  the  relation  of  dto  D.  But  in  maj^nifyinj;  with  a  lens,  the  rela- 
tion ofd  to  D  depends*  essentially  u|K»n  the  distance  Iretween  the  eye 
and  the  ohjeot  observed  through  the  lens.  If  the  object  Iw  at  the 
fncus  of  the  lens  we  cannot  estimate  the  gisse  of  the  image,  aiace  it 
lies  at  an  infinite  distance  and  Is  therefore  infinitely  large;  but  the 
vivsual  angle  under  which,  in  this  case,  the  object  appears,  is  simply 
dependent  upon  the  focal  length  of  the  leus.  We  designate  the 
size  fif  the  object  by  a,  and  its  distance  from  the  convex  lens  by  o, 
then  will  the  visual  angle  -0=^,  "o  matter  how  groat  the  distance 
of  tJie  lens  from  our  eye.  The  visual  angle  of  the  same  object 
observed  from  the  same  distance  with  the  naked  eye  would  Ije  d^^j 
where  a  again  represents  the  size  of  the  object,  and  k  its  distance 
from  the  optical  centre  of  our  eye.     The  quotient  ^  becomes  of 

^course  smaller  the  more  the  lens,  with  the  object  always  at  its 
fbcuis,  appniaches  the  eye,  and  it  becomes  =1  when  k  and  o  co- 

'incide,  since,  seen  fn_>m  the  middle  of  the  tronvex  lens,  the  object 
and  image  always  appear  under  the  )<anic  visual  angle.  lu  this 
cvc  it  is  simply  the  very  near  approach  made  possible  by  the 
lens,  which  causes  the  increase  of  the  visual  angle,  and  the  retinal 
image  cast  by  it  would  !«  no  larger  than  without  the  lens,  provided 
!  could  aocommodute  upon  so  short  a  distance.  Sine^i,  however, 
k  and  c  never  actually  coincide,  the  retinal  image  cast  hy  the  lens 
will  always  be  somewhat  larger  than  can  be  obtained  from  the 
le  object  at  the  same  distance,  by  accommwlation  alone. 
If  the  object  lie  not  at  the  focus,  but  somewhat  nearer  the  con- 
vex lens,  the  size  of  tlie  virtual  image  may  be  easily  culculateil 
from  the  well-known  optical  formula,  la  order  to  see  the  image 
distinctly,  the  observer's  eye  must  citlier  be  myopic,  so  that  \t& 
far  point  coincides  with  the  place  of  the  image,  or  it  must  make 
an  efibrt  of  accommo<lation,  to  adjust  it  upon  tho  place  of  tlie 
■  mage.  The  visual  angle,  however,  under  which  the  object  apiwars, 
not  uccvssarily  smaller  than  it  would  be  if  the  object  were  at 

Pthe  focus  of  the  convex  lens :  it  may  even  be  larger.    If  we  plaoe 
in  front  of  our  eye  a  convex  lens  with  a  focal  distance  of  10  inches,. 
and  if  we  now  place  a  small  object  In  the  focua  of  the  lens,  it  will 
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cviilently  n|)pear  under  a  considerably  smaller  visual  angle  than 
wlicn  we  bring  the  object  so  near  timt  its  virtual  image  coincides 
with  our  near  jwint. 

If  the  object  lie  beyond  the  focus  of  the  convex  lens,  the  case 
is  the  same  as  that  when  we  make  the  ophthalmosoopic  examina- 
tion in  the  inverted  image.  The  size  of  the  inverted  real  image 
is  easily  calculated,  since,  from  the  opticiil  centre  of  the  convex 
lens,  both  object  and  image  are  included  in  the  same  angle.  Their 
sizes  are  proportional  to  their  res|Kft:tive  distances  from  the  convex 
lens.  The  calculation  is  only  slightly  more  oomplicatetl  when,  a^ 
in  the  case  of  the  ophthalmoscopic  examination  in  the  inverted 
imnge,  the  image  is  not  cast  directly  from  the  eye,  but  with  the 
help  of  a  convex  lens.  Wlien  using  a  convex  lens  of  80  mm. 
(3  inches)  focal  distance,  and  held  at  tliat  distance  from  tlie  eye, 
the  relation  of  the  size  of  the  optic  disc  to  its  inverted  image  is 
found,  upon  calculation,  to  be  as  follows: 

1.  In  cmnietropia,  as  1  :  5.3. 

2.  In  MJ  (more  exactly  Mrg-jfT^  mm.),  as  1  :  4.S. 

3.  In  apparent  niyopiu  |, — that  is,  when  the  accommodation  of 
the  emmetropic  eye  under  examination  is  adjusted  for  that  distance, 
—as  1  :  6.2. 

4.  In  Hi  (=T3V^  mm.),  as  1  :  6.1. 

5.  In  the  sanw*  grade  of  latent  hypermetropia,  aa  1  :  5.9. 
These  relations,  however,  are  true  only  for  the  case  in  which  the 

convex  lens  is  held  at  its  focal  distance  from  the  examined  eye. 
In  emmetropia,  to  be  sure,  the  distance  of  tlie  lens  from  the  eye 
has  no  influence  n|Kin  the  j^izc  of  the  image,  since  the  rays  pro- 
ccetling  fnun  the  fuiidtis  always  full  parallel  upon  the  lens,  and 
will  consequently  always  intersect  at  its  fwus.  But  in  hyjier- 
metropia  the  size  of  the  image  increases  with  the  distance  of  the 
convex  leus  from  the  eye.  The  far  point  of  the  hyperraetropic 
eye  and  the  place  of  the  inverted  image  are  conjugate  foci.  The 
nearer  the  convex  lens  is  brought  to  the  cxan)inecl  eye  tlie  larger 
the  image,  and,  inversely,  the  more  it  is  withdrawn  the  smaller 
the  image.  For  the  same  reason^,  the  size  of  the  image  increases 
in  myopia  with  the  distance  of  tlie  Ions  from  the  eye.  But  the 
invcrte<l  image  is  alw.iys  j^rc.itor  in  hypermetropia  and  less  in 
myopia  than  it  is  in  emmetropia. 

If  an  extreme  case  of  myopia,  say  M/j,  be  examined  with  a 
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convex  Idup  which  is  not  too  strong,  say  }  J.  the  inverted  image  of 
the  fundus,  cast  from  tlie  eye  itself,  may  lie  between  the  examined 
eye  and  the  eon  vex  lens.  The  inverted  imago,  cast  from  the 
myopic  eye,  will  be  enlargetl  very  little  by  the  convex  lens,  be- 
CAiise  it  lies  too  ne:ir  it,  but  a  fi^reat  advantage  is  piined  for  the 
field  of  vision.  M^hen  the  glass  is  correctly  held  (compare  page 
96),  the  iria  disappears  out  of  the  field  of  virion,  and  the  field 
itself  becomes  considerably  larger  than  it  appears  without  the 
oonvex  lens. 

Hitherto  we  have  supposed  the  fiindas  of  the  eye  to  be  ilhnni- 
nated,  and  we  must,  therefore,  now  descrilie  the  means  bv  which 
it  is  posiiible  to  throw  a  beam  of  light  in  the  direction  of  our  line 
of  vision,  into  the  eye  under  examination.  This  is  done  by  means 
of  a  transparent  or  perforated  mirmr.  Tlie  ophthalmoscope,  as 
originally  constructed  by  Hclniholtz,*  has^  as  reflectors,  three 
plates  of  glass  with  parallel  plane  surfatvs,  placed  one  over  the 
other.  In  order  to  iiuTC-ase  as  niiirh  ns  posjiible  the  intensity 
of  the  reflected  light,  they  arc  placed  at  an  angle  of  36°  witii  the 
optical  axis  of  the  instrument.  Perfuratetl  mirrors,  however, 
soon  carae  to  be  preferred,  on  account  of  the  better  illumination 
which  they  give.  Rutef  intr<Hluce<l  the  use  of  the  concave  mirror. 
CooeiusJ  preferred  U^  pmtluce  the  same  effect  by  the  combination 
of  a  plane  mirror  with  a  convex  illuminating  lens. 

It  is  desirable  in  practice  to  lie  able  to  vary  the  intensity  of  the 
light,  especially  in  the  examination  in  the  upright  image.  In 
this  resj)ect  the  mirror  of  Coccius  possesses  an  advantage  over  the 
ooncave  mirror,  for  one  can  use  the  plane  mirror  either  alone 
or  in  conibinalion  with  the  convex  illuniin:»ting  lens.  Jaeger's 
ophthalmoscope  is  so  contrived  that  either  a  concave  or  a  plane 
mirror,  or  Hclndiollz's  reflecting  glass  plates,  can  iw  set  in  it  at 
pleasure.  Another  advantage  ]>ossessetl  by  this  instrument  is, 
that  the  correcting  lenses,  which  are  placed  as  oculars  behind 
die  rairnir,  can  always  he  hchl  perpendicular  to  the  oliserver*8 
line  of  vision, — an  importaut  point  in  cases  in  which  somewhat 
Strong  lenses  arc  used. 

Giraud-Teulon's  binocular  ophthalmoscope  deserves  a  particular 

*  Bowhroibun^  fines  AiijjonspiejfcU,  I80I. 

t  r*cr  Augenspicgel  und  drta  Optoractor,  1852. 

X  Ucber  die  Anwenduog  des  Augciupicgcli,  etc,  1863. 
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mention.  Its  principle  may  he  thuH  explained.  Brhinci  the  open- 
ing in  the  concave  mirror,  Fig.  27,  arc  two  rh(>ml>iiiilftl  glass  prisms, 
whose  end  tmriaces  stand  at  an  angle  of  45°  with  the  longitudinal 
axes  of  the  prisms.  Tlie  rays  o  r  and  a  I  proceeding  from  the 
point  a  are  reflected  on  the  surfaces  ?■  and  I  towards  r'  and  /',  wlicre 
they  experience  anotlier  reflection  in  the  direction  r' a*  and  /'«', 

Fio.  27. 


li\  a- 

parallel  to  r  a  and  I  a.  If  instead  of  the  point  a  we  have  a  solid 
object,  its  retinal  images  will  he  so  rclatetl  as  if  the  object  were 
seen  undera  very  slight  angle  of  convergence,  tMpnd  to  the  angle/ a  r. 

As  seen  in  Fig.  27,  the  lines  of  vision  intersect  each  other  in  a 
point  much  farther  from  the  eye  than  the  point  a,  upon  which  the 
accornnHiilatiou  must  be  adjusted.  This  difliculty  can  be  over- 
come either  l>y  adjusting  the  accommotlation  by  convex  glasses 
upon  the  point  a  withnnt  making  any  greater  demand  on  the  ae- 
commodalion  than  is  natural  with  a  slight  angle  of  convergence  j 
or  by  means  of  prisms  with  their  refracting  angles  turned  inward, 
a  convergence  of  the  visual  axes  may  be  induced,  more  nearly  cor- 
responding to  the  distance  of  the  point  a  ;  or,  linally,  both  methofls 
may  be  combined  by  the  use  of  convex  prismatic  glxsses  with  the 
refracting  angle  turned  inward. 

If  the  perception  of  the  thii*d  dimension  depend  upon  the  fact 
that  the  retinal  images  in  the  two  eyes  are  not  itlcntical,  but  show 
certain  jMirspectivc  differences,  the&e  differences  can  be  but  very 
small  when,  as  is  the  case  in  the  binocular  ophthalmoscope,  the 
lines  of  vision  include  so  acute  an  angle.  Ilcring's  experiment 
gives,  therefore,  by  means  of  this  instrument,  only  a  very  uncer- 
tain [>eroeption  of  the  third  dimension.     When  practising  it,  one 
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Is  mUtakcu  jutit  altotit  iv?  often  as  in  uioiiocular  visiou.  Wc  ?hii]\ 
have  re[»eate<i  oocusion  to  mention  this  exjwriment;  it  is  the  only 
one  which  in  a  simple  way  shows  whothtT  tlicre  is  a  norrniil  bin- 
ocular aot  of  vitiion.     It  is  comluctctl  in  ttie  fullowinj^  manner: 

A  eylintlrioal  tube  about  25  oentimelrrs  in  length,  and  wide 
enough  to  be  looked  througli  with  botli  eyes,  bus  at  one  end,  and 
fastene<l  on  its  outside,  two  long  needles,  whicli  must  be  so  bent 
outward  that  they  cannot  bo  seen  on  looking  through  the  tube, 
A  fine  silken  thread  connects  the  point  of  one  needle  with  that  of 
the  other.  Midway  l)etween  the  neetlles  is  a  knot  in  the  thread, 
or,  better  still,  a  small  bead,  which  tlicn  lies  in  the  centre  of  the 
field  of  vision,  when  one  looks  tliruugli  the  tube.*  The  tube  is 
held  close  before  the  face,  with  the  thread  horizontal,  anil  s<j  that 
botli  eyes  look  through  the  tulx-;  the  bead  iu  the  middle  of  the 
field  of  vision  serv*-*s  us  a  fixation-point.  Small  balls,  of  iliiferent 
sizes,  are  allowed  to  fall  about  twelve  times,  one  after  the  other, 
Bome  before  and  some  behind  the  bead.  One  who  sees  biuocularly 
can  tell  with  certainly  whether  a  ball  falls  within  or  beyond  the 
fixation-jwint,  while  one  who  perceives  tlie  retinal  image  of  one 
eye  only,  is  frequently  de<'eived  ;  he  can,  when  the  experiment  is 
carefully  conducted,  only  guess  the  place  of  the  ball,  and  therefore 
U  mUtaken  in  half  the  cases. 

It  is  the  same  when  one  makes  this  ex|)crimeut  with  the  bin- 
ocular ophtlialmoseoi>e.  Such  liinocular  vision  as  is  maile  possible 
by  that  instrument  is,  for  the  reasons  just  given,  insuJ!icient  to 
give  a  proper  perception  of  the  third  dimension. 

Although  there  is  a  wide-spread  prejudice  in  favor  of  the  bin- 
ocular ophthalmoscope,  we  shouhl  remember  that  in  iriouLHJular 
vision,  also,  we  have  a  means  at  our  <lispnsal  by  which  to  judge  of 
the  thtnl  dimension,  and,  further,  that  absolutely  itlentic^d  retinal 
iuiageiii  may  prmluce  a  8tereasot>pic  efl'eet.  One  receives,  i\>r  in- 
stance, on  undeniable  impression  of  solidity  when  one  unites, 
slereoecopically,  tw<)  photographic  taken  fi-r)iii  one  and  the  same 
negative.  In  such  a  case  there  is,  of  course,  simply  an  optical 
illusion,  to  be  explainixl  by  the  fact  that  the  visual  im|>res.sion 
of  solidity  does  not  depend  exclusively  upon  certain  differences 


*The  defteription  bere  ^iven  vnrics  somcwimt  fruui  ihe  uriginal  of  Cering: 
it  »i  hc'wovcr,  more  convuiiieut.  Cuuip,  Uuriiig,  Arch,  fur  U^ihth.,  B.  kit. 
Upig.  3. 
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between  the  retinal  images  in  the  two  eyes,  hut  it  is  caused  by 
the  perspective,  the  ilUiminution,  etc.,  even  witli  iilcntiail  retinal 
images,  or  In  monwular  vision.  Whoever  wishes  to  repeat  the 
simple  experiment  of  uniting,  Htorea«oopic:illy,  two  identitral  pho- 
tj^raphfs,  can  satisfy  himself  that  such  an  optical  illuHion  of  neces- 
sity occurs.  The  same  principle  m  employetl  in  CVkxiIus'  bincxnilar 
mirror.  Behind  a  iH-rforatwl  concave  mirror  is  plaee<l  a  plane 
mirror,  also  iKTforaK^d,  uitli  its  reflecting  surface  directed  for- 
wanl  toward  the  eye  to  be  examined,  and  forming  with  the  line 
of  vision  of  the  examiner  an  angle  of  about  45°.  8npjM>se  these 
two  perforate^]  mirrors  to  be  held  in  front  of  the  left  eye  nf  the 
examiner,  and  that  before  the  right  eye  be  hehl  an  imperforate 
plane  mirror  with  its  reflecting  surface  turned  toward  the  others. 
The  (►plithnlmcis(V)jiic  image  is  reflected  frr)m  the  first  plane  mirror 
to  the  second,  and  from  that  to  the  right  eye  of  the  examiner. 
He  receives,  therefore,  from  the  ophthalmoscopic  object,  it  is  true, 
two  retinal  images,  but  they  are  alike  in  the  strictest  matEiematical 
sense.  One  of  these  images  is  always  somewhat  smaller  than  the 
other,  and  in  this  coae  it  is  that  in  the  right  eye,  because  that  eye 
is  farther  from  the  object  than  the  left.  The  differonre  of  the  two 
retinal  images,  upon  which  the  perception  of  depth  depends,  in  so 
far  as  it  involves  a  relation  of  corres[>ondence  of  the  retime,  is 
here  wanting  entirely. 

Ill  spite,  however,  of  the  negative  result  of  Ilering's  cx[K.'ri- 
ment,  we  do,  with  the  aid  of  the  binocular  instrument,  fr>rm  a 
better  judgment  of  tlie  third  dimension  in  the  fundus  of  the  eye. 
Thi.H  is  due  to  the  fact  that  in  using  this  instniment  wc  have  the 
convergence  of  tlie  visual  axe^i  to  assist  in  forming  a  judgment  of 
the  third  dimension.  The  same  is  true  of  the  convergence  of  the 
visual  axes  as  of  the  retinal  images.  If  the  images  be  identical, 
the  convergence  *)f  tlie  visual  axes  will  remain  tliu  s-unc  while 
scnitinizing  them.  But  with  Giraud-Teulon's  binocular  mirror, 
at  least,  the  retinal  images  are  not  absolutely  identical,  and  even 
if  their  diffei-ences  be  too  slight  to  be  proved  by  Hering's  experi- 
ment, the  change  in  the  convergenecof  the  visual  axes  is,  perhaps, 
a  mare  delicate  means  of  judging  of  distances.  Finally,  tlie 
binocular  mirror  makes  it  possible  to  observe  the  image  for  a 
con8i<lerable  time. 

For  many  cases  it  is  simplest  and  most  advantageous,  in  making 
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[binocular  examination,  to  employ  two  concave  niirroi's;  tliese 
{ilaoetl  in  a  frame  proviJol  witli  a  handle,  and  are  separated 
fronj  cacli  other  by  a  distance  corresponding  lo  ihe  disUiuce  be- 
tween tlie  two  eyes ;  each  mirror  revolves  about  both  a  vertical 
and  a  horiieontal  axis.  It  Is  only  necessyiry,  then,  to  so  an-anj^e 
the  mirrors  that  the  two  images  of  the  light  cast  by  them  fall 
upon  oacli  other,  in  order  to  !«  able  to  see  ophthalmoscopically 
both  eyes.  Cloudiness  of  the  lens  or  vitreous,  and  many 
of  detachment  of  the  retina,  may  Ijc  obscrvctl  binocularly 
in  this  manner  under  the  moat  favorable  circumstances.  Thi» 
method  is  not  available  for  object*  lying  deeper  in  the  eye,  uor 
for  examination  in  the  luvertcd  image. 

The  source  of  light  for  the  ophthalmoscopic  examination  may 
be  cither  a  briglit  oil-  or  gas-flame,  or  daylight.  The  last,  oa  has 
been  shown  by  llelralmltz,*  is  the  best  light  for  all  nase.s  where  it 
IS  desirable  to  judge  of  the  true  color  of  the  fundus,  or  to  tletect 
slight  rloudinofvs  in  the  retina.  Moreover,  it  has  the  advantage 
of  dazzling  the  patient  less  than  lamp-light. 

Since,  in  general,  daylight  is  preforretl  to  artificial  ilhmiinatioa 
in  cases  where  it  h  wished  to  recognize  fine  shades  of  color,  it  of 
course  suggested  itself  to  make  use  of  tliis  advantage  in  ophtlml- 
moecopic  examination.  It  is  notirxd  that  by  daylight  the  ophthal- 
moscopic image  has  a  yellow  shade,  which  disappears  entirely  by 
artiHcinI  illumination.  Under  normal  relations,  this  effect  is  seen 
most  distinctly  u[>on  the  optic  nerve. 

The  more  exact  recognition  of  sliades  of  aAor  and  diOTerences 
in  illumination  possible  by  daylight,  is  probably  the  re:ison  why 
slight  cloudiness,  espeeially  in  the  retinal  substance,  which  cannot 
be  seen  by  artificial  iltumination,  becomes  Visible  by  tlayligbt. 
Kyes  absolutely  physiological  often  fnrnish  proof  of  this  fact. 

The  illumination  by  daylight  is  best  arranged  by  allowing  it 
to  enter  a  dark  rcK>ra  through  an  opening  3  or  4  centimetres  in 
diameter,  cut  in  tiie  window-shutter.  The  ophthalmoscope  may 
tlien  Iw  directed  toward  the  sky  just  as  is  the  mirror  of  the 
microscope.  Direct  svmlight  ought,  of  course,  not  to  be  used 
except  in  eyes  al>solutcly  blind. 

Tbc  use  of  daylight  is  particularly  applicable  to  examinations 


*  BcecbroibuDg  einei  Aiigonspicgela,  Berlin,  IB&l,  pag.  10. 
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of  the  optic  nerve  and  retina;  for  all  other  casea  a  gool  lamp- 
flanie  is  all-siiffieicnt,  and  in  many  cases  more  convenient, 

OPIITHAI.M06CXJPIC  DIAGN06IS  OF  THE  CONDITION  OF    HEFRAC- 

TION. 

The  uae  of  ttie  ophthalnioacope  for  the  diagnosis  of  the  con- 
dition of  refraction  is  as  old  as  the  use  of  this  instrument  in  gen- 
eral. Helmholtz*  mentions  a  cilsc  in  which,  in  a  perfw^tly  blind 
ej'e,  by  the  help  of  the  ophthahuoscope,  he  could  decide  the 
important  (lucstion  whether  certain  former  difficulties  of  vision, 
which  the  patient  complained  of,  de|jended  upon  myopia  or  incip- 
ient amblyopia.  He  (mint*^!  ont  as  an  advantage  of  this  method 
tliat  it  makes  the  examiner  entirely  independent  of  the  statements 
of  the  patient,  since  he  himself  sees  with  the  i>atient*s  eye,  at 
leiLst  with  tlic  refracting;  part  of  it.  Cases  in  which  it  Is  desirable 
to  be  entirely  independent  of  the  statements  of  the  i*atient  are, 
in  fact,  frequent.  Indewl,  it  happens  often  that  the  ophthalmo- 
scopic examinutiou  fii-dt  gives  a  projier  diretijon  to  the  functioiml 
examination. 

MV'  Jiave  already  exptaine<l  the  manner  in  which  the  condi- 
tion of  refrai'tion  is  disclosed  by  the  opbthalraoscopic  examina- 
tion. The  degree  of  the  anomaly  may  he  determined  by  the  same 
method,  .\bove  all  thinjrs  the  observer  must  l)c  certain  that  l>oth 
he  and  tlie  patient  have  fully  relaxed  tlieir  accommi>dation.  He 
ean  then,  observing  the  distance  from  the  eye  under  examination, 
determine  the  degree  of  the  refraction  from  the  numlxir  of  the  ' 
lens  with  which  the  fundus  can  \)c  distinctly  seen  in  the  upright 
image.  If  one  wish  to  determine  exactly  the  condition  of  re- 
fraction by  the  opbthalnioscopic  examination,  it  is  best  to  paralyze 
the  accomnnxlation  by  atropine,  and  to  use  as  a  test-object,  not 
tlic  optic  disc,  but  one  of  the  fine  retinal  vessels  running  from  it 
toward  the  macula  lutea.  In  such  a  case  it  is  well,  as  Cocciusf 
has  prnposc<l,  to  place  the  correcting  lens  close  in  front  of  the  eye 
under  examination,  l)etween  it  and  the  mirror,  and  to  avoid  the 
annoying  reflex  by  slight  movements  of  the  lens.  The  coirecting 
lens  is  then  at  the  same  distance  from  the  eye  as  it  would  be  if 
used  as  a  B|>ectaele-glas8, 

*  Be«chrelbung  elneB  Aii^enspiegelA,  pug.  S6. 

t  Ueber  die  Aovcndung  dcs  AugcDspicgels,  Leipzig,  1853,  pKg.  28. 
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The  oplithalmoscopic  dJagDoeis  of  the  couditiun  of  refraction 
furniivlies  an  excellent  check  njwn  tlie  results  derived  from  the 
cxamiuatiou  with  test  k'tters;  especially  is  this  true  in  nil  those 
caeee  in  which  an  anoinaly  of  refraction  is  coniplifated  by  ambly- 
opia. In  myopia,  under  tliese  circutiistanws,  tliere  are  generally 
other  changes  in  tlie  fundus  wliich  immediately  attract  attention. 
Hyper  met  rojiia  and  astigmatism,  on  the  «>ntrary,  often  exist  in 
ooQDection  with  a  form  of  amblyopia  in  wliich  there  are  no  mate- 
rial changes  in  the  fundits,  while  the  poorness  of  vision  maizes  it 
difficult  or  impassible  to  determine  the  condition  of  refraction  by 
testing  tlie  power  of  vision.  These  cases  would  be  enigmatical  if 
we  had  not  the  Djihthalmoscope  to  aid  us. 

The  ophthalnioseopic  diiigniJsiH  of  meridional  asymmetry  de- 
pends upon  the  optical  nature  of  this  anomaly.  We  have  above 
explained  tlint  we  see  the  fundus  of  the  eye  in  the  upright  image 
SB  if  through  a  lens.  Under  these  circumstances,  the  shorter  the 
focal  distiiiioc  the  greater  the  enlargeuient, — tliat  is,  it  is  greatest 
in  the  dire<'(ion  of  the  meridian  which  possesses  the  highest  re- 
fraction, generally  In  the  vertical.  The  image  of  a  round  object, 
for  instance  of  the  optic  disc,  will  not  apjiear  round,  but  oval  and 
elongated,  in  the  direction  of  the  niei-idi:in  i)f  shortest  focal  dis- 
tance,— that  is,  geuerally  in  llje  vertical  direction.  The  api>ear- 
aocc  is  exactly  reversed  in  the  examination  in  the  inverted  image. 
In  the  meridian  of  shortest  focal  distance  the  image  lies  nearer 
the  convex  glass  than  in  the  other  principal  meridians:  it  is  there- 
fore \&^  enlarged  than  in  the  meridian  of  longest  fucal  distance. 
A  round  optic  disc  apiK-ars,  therefore,  not  round,  but  elongated, 
in  the  direction  of  the  meridian  of  longest  focal  distance. 

We  ought  not  to  furget  that  in  the  aphlhalmosLvpic  examina- 
tion we  do  not  see  the  fundus  as  if  with  the  naked  eye,  but  always 
only  an  opti«il  image  of  the  fundus,  an  image  di'|>ending  upon 
the  nature  of  the  apparatus  pr<Miucing  it.  If  nitw  in  the  upright 
intage  the  optic  disc  appear  oval  in  the  vertical  direcliou,  and  in 
the  inverted  image  oval  in  the  lK)riz(tntal  direction,  it  is  plain 
that  it  can  anatomically  Ix-  neithei'  the  o]ie  nor  the  other,  but  that 
this  change  of  form  in  tlio  ophthalmoscopic  image  rests  upon 
optit«l  groimds.  F'reqnently  the  optic  disc  is  actually  oval,  and 
oAener  elongated  in  the  vertical  than  in  the  horizontal  direction, 
■8  (nay  be  ascertained  by  the  comparative  examinations  in  the  up- 
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right  and  inverted  images.  This,  however,  does  not  hinder  in 
the  lejLst  tlie  oplilhnlinoseoplc  diagntx^is  of  astigmatism,  sinoe 
neither  the  exainiiiailoti  in  the  upright  nor  in  tJie  inverted  image 
16  by  itAclf  sufficient,  but  the  diagnosis  is  always  based  upon  a 
comparison  of  the  two  images.  The  change  of  form  in  both  tlie 
ui>riglit  and  inverted  imngo,  cniisod  by  astigmatism,  is  always 
j)i*e3eiit,  l>e  the  anatomical  form  of  the  optic  disc  what  it  may.  A 
vertically  elongatpd  ilisc  would  then  in  the  upright  image  api)oar 
much  more  elongateil  In  the  vertical  diroctinn;  in  the  inverted 
image,  it  would  appear  nearly  round.  A  liorizoutally  elongated 
disc  would,  on  tlio  <'ontrary,  appear  nearly  round  in  the  upriglit 
image,  and  in  the  inverted  image  still  more  horizontally  clungatetl. 
To  compare  more  easily  the  two  images,  it  is  imjwrtant  that  they 
should  1h'  ns  nearly  as  p{)s.sihle  the  same  size.  This  condition  is 
Huiiiciuntly  fultJIIed  if  one  use  a  convex  lens  of  S  inches  focal 
length  when  examining  in  the  inverted  image.  It  is  still  more 
important  that  the  convex  glass  Ixi  not  held  obliquely,  so  as  to 
cause  asynimetry  and  change  of  form  in  the  invertetl  image. 
Care  must  also  be  taken  that  the  convex  glass  l)e  so  eentretl  tliat 
the  images  of  the  flame  refltK!ted  from  its  anterior  and  [>osterior 
surfaces  cover  each  other,  and,  when  |>09sible,  are  nearly  in  line 
with  llic  optic  diK?. 

Finally,  it  is  to  be  meutiouc<l  that  when  examining  astigmatic 
eyes  in  the  inverted  image  the  apparent  Ibrni  of  the  optic  disc  is 
also  dependent  upon  the  distance  of  the  c<»nvex  gl:LHs.  If,  for 
instance,  there  be  emmetropta  in  the  vertical  meridian,  and  hyper- 
nictropia  in  the  horizontal  meridian,  then,  as  before  said,  an  aua- 
tomitaUy  round  optii."  disc  would  a|»]icar  horizontally  elongatol. 
Since,  however,  in  hypermetropia  (comp.  page  110)  the  size  of 
the  image  increases  as  the  convex  lens  approaches  tlic  eye,  the 
difference  between  the  horizontal  and  vertical  extent  of  the  image 
will  be  the  more  striking  the  less  the  distance  between  the  convex 
lens  and  the  eye.  The  c;ise  is  reversed  when  there  is  emtnetropia 
in  the  horizontal  meridian  and  myopia  in  the  vertical.  In 
myopia  the  size  of  the  inverted  image  increases  with  the  distance- 
of  the  convex  lens  from  the  eye.  The  preponderating  enlarge- 
ment in  the  horizontal  meridian  Is  least  wlieii  the  lens  is  nearest 
the  eye^  and  becomes  more  distinct  the  farther  tlie  lens  is  with- 
drawn. 
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In  astigmatism  tlie  optic  cliso  often  appears  irregularly  and 
iiKompleU'iy  surroaudetl  bv  a  bright  space,  whicli  anatomically 
is  the  solera  t-biulng  tlirougli  the  ehorold.  Under  tliese  eircum- 
staneen  one  must  be  careful  to  observe  the  proi>er  boundar)'  of  the 
nerve  itself.  If,  however,  the  nerve  and  the  scleral  stripe  sur- 
rounding it  present  a  regularly  bouiuled  and  nearly  rtiund  figure, 
it  may  be  more  advantageous  to  direct  the  attention  upon  this 
diititinetly  bounded  surface. 

Cooeius*  proptwes  (or  the  diagnosis  of  astigmatism  the  following 
raethoti  of  examination.  From  the  distance  of  from  20  to  24 
inches  the  image  of  a  broad  briglit  flame  is  cast  by  a  plane  steel 
mirror  into  the  fundu^s  of  the  eye ;  a  small  rod,  for  instance  a  lead- 
IK-ncil,  is  now  to  be  held  immediately  before  the  flame,  and  the 
oljserver  is  to  notice  whether  the  image  of  this  rod,  when  held  in 
all  positions,  vertical,  horizontal,  or  incline<l,  appears  of  uniform 
distinctness  and  size.  If  such  be  the  case,  the  rays  are  focused 
homocentrically.  If,  on  the  contrary,  the  rod  when  lield  verti- 
cally api^ears  in  the  fundns  utidcfiucd,  dull,  an*!  broad,  but  when 
held  horizontally  apptats  .sjiarp,  blut'li,  and  narrow,  then  will  this 
phenomenon  agree  always  with  tlie  subjective  observation, — that 
is,  the  astigmatic  sees -vertical  lines  indistinctly,  but  horizontal 
ones  distinctly. 

THE  OPUTHALMOMETEK. 

The  ophthalmometer  was  constriicteii  by  Heliidioltz  for  the 
puqKJse  of  Hjcasuring  exactly  the  curvetl  surfaces  participating  in 
aoeommudation. 

The  images  cast  from  a  convex  refleeting  surface  are  so  much 
ihe  smaller  the  shorter  the  radius  of  curvature.  Consequently  we 
may  use  the  size  of  an  imuge  to  rcckuti  the  radius  of  curvature. 
The  great  difticulty,  however,  in  njcasuring  the  images  reflected 
from  the  cornea  is,  that  it  is  impossible  to  hold  the  living  eye  im- 
movable. The  images  from  a  spherical  rtfiwiting  surfaw  or  from 
the  cornea  can  be  distinct  only  when  all  the  rays  from  the  object 
liill  neurly  iK'T|iendicularly  upon  the  reflecting  surface.  It  follows 
that  for  the  purpose  of  tliis  measurement  only  such  images  can  be 
used  as  are  considerably  shorter  than  the  radius  of  cu^^'ature;  they 
sboald  not  exceed  one-fourth  its  length.     Even  then,  an  error  in 


*  Ueber  dun  Mcchniiisnius  dor  Accommodtitiou,  png.  143. 
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the  measurement  of  the  image  \s  multiplied  by  4  in  ralculating  the 
radius  of  the  cornea.  The  size  of  the  image  must  tlierefore  be 
determinwl  to  within  the  huiulrwlth  part  of  a  millimetre,  in 
order  to  calcuhite  the  radius  of  the  cornea  wilbtn  a  hundredth 
part  of  its  length,  that  length  being  on  an  average  abont  8  milli- 
metres. 

Of  course  there  is  no  means  of  fastening  the  head  in  such  a 
way  a.s  to  prevent,  movements  of  j^  of  a  millimetre.  It  is  im- 
possible by  applying  a  graduated  scale  directly  to  the  cornea  to 
make  any  measurements  of  the  necessary  exactitude.  The  prob- 
lem, then,  was  to  measure  the  movable  corneal  fmage  while  in 
motion.  Hclmholtz*  solved  this  problem  by  ibe  conslruction  of 
bus  ophthahnometer.  This  instrument  depends  upon  the  principle 
that  objects  seen  thruugh  glass  plates  witli  plane  jmrallel  surfaces, 
placed  at  an  angle  with  the  line  of  vision,  seem  displaced,  and 
that  tills  (lispiawineiit  is  greater  the  greater  the  angle  of  incidence 
of  the  rays  upon  the  plate. 

Fio.  28. 

\  - -  ■■•Vi^' 

In  Fig.  28,  let  vl  be  a  telescope  before  whose  objective  glass, 
an<l  indinwl  to  its  axis,  are  placel  the  two  glass  plates  a'  i*  and 
o*  t*;  tlie  plate  «'  i'  covers  the  right  half  and  the  plate  a*  6' 
the  lell  half  of  the  objective.  The  tele-scope  is  directed  upon 
U)e  object  c  d ;  then  to  the  observer  the  image  seen  through  the 
plate  a'  6'  does  not  appear  to  Ix;  at  c  r/,  but  at  c'  (P,  and  that 
seen  through  tlie  plate  a*  6*  at  c*  cP.  Both  images  ap|>ear  simul- 
taneously side  by  side  iu  the  field  of  the  telescope.  If  now  the 
glass  plsitcs  be  w>  turned  that  the  end  c'  of  the  first  image  corre- 
spond with  the  end  <P  of  tiic  second  image,  and  if  the  angle  l>e 
known  through  which  the  plates  have  been  revolved,  then  the 
length  of  c  d  can  be  calculatcfl.  The  adjustment  of  the  edges  of 
the  images  against  each  other  can  be  vcrj-  exact,  even  when  the 
field  of  vision  is  in  motion,  since  the  two  images  c*  c/'  and  c*  d" 
always  move  together,  and  their  apposition  is  not  disturbed. 
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*riie  instrument  is  so  contrived  that  the  two  gliLss  plates  always 
rPAulvti  tliroiigh  the  same  angle,  and  their  revoUitioii  ran  be 
ol»aerved  on  a  vernier  ficale.  In  order  to  culonlate  the  size  of  the 
ima^  it  is  necessary  to  know  the  angle  through  wliich  tlie  plates 
revolve,  their  thickness,  and  the  index  of  relVaction  of  the  glass 
from  which  they  are  ground.  According  to  Donders,*  it  is  well  to 
determine  exiK;rimentally,  for  each  ophthalmometer,  by  what  angu- 
lar |>08ition  of  the  glai^  plates  known  dimensions  are  moaHured. 
A  fine  scale,  divided  into  tenths  of  millimetres,  is  observed  through 
the  ophthalmometer,  and  it  Is  determined  through  what  angle 
the  plates  must  revolve  to  measure  0.1,  0.2,  0.3  millimetres,  and 
80  forth.  A  tAbulatctl  statement  of  the  results  thus  obtained  en- 
ables one  to  see  at  a  glance  the  size  of  a  corneal  image  as  soon  as 
one  has  read  from  the  instrument  the  angle  tlirongh  which  the 
glate  platfs  have  been  revolved  in  ortler  to  bring  tlic  ophtlialmo- 
metric  double  images  in  ap|>osition. 

The  radius  of  curvature  of  the  cornea  measure<l  in  the  line  of 
vision  has,  acconling  to  D<mders,  an  average  length  of  7.7  milli- 
metres. It  appears  that  it  grows  shorter  with  increasing  years. 
At  all  events,  the  former  prevailing  opinion  that  presbyopia 
depends  upon  a  flattening  of  the  cornea  must  be  regartled  us  fuHy 
disproved. 

8o,  too,  contrary  to  the  old  idea  that  myopia  dependerl  upon 
excestsive  curvature  of  the  cornea,  it  has  been  found  that  with  that 
condition  of  refraction  the  radius  of  curvature  is  generally  greater 
Uian  in  emmetropia ;  in  fact,  that  it  increases  with  the  degree  of 
the  n»yopia.  The  reason  for  this  is,  tliat  in  myopia  not  (uily  the 
visual  axis,  hut  all  the  diameters  of  the  eye,  are  increased. 

In  hy(>ermetropia,  also.  Bonders  found  the  cornea  on  an  average 
less  eurvetl  than  in  emmetropia ;  still,  he  discovered  no  relation 
between  the  degree  of  the  liypermetroi«a  and  the  length  of  the 
mdiiis  of  curvature. 

^umerons  measurementa  have  proved  that  the  different  me- 
ridians of  the  cornea  pctssess  radii  of  ditferent  leiigths,  and  that 
the  vertical  meridian  generally  has  the  greatest  curvature.  The 
ctirvatnre  of  each  indivi<lual  meridian  is  nearly  elliptical. 

Under  normal  rclotiooa  the  line  of  vision  always  deviates  inward 
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from  (hc<Kntrc  of  the  cornea.  The  angle  whicli  it  forms  with  the 
axis  of  the  rornea  is  called  the  angle  a.  Dondera*  measured 
the  size  of  this  angle  in  the  following  manner.  A  flame  wvis 
plaec<1  vertieally  and  immediately  over  the  ophtiialmonieter,  ami 
its  image  reflected  iu  the  cornea  was  observed  oplithalmometriciilly. 
In  front  of  the  eye  under  examination  was  plawd  a  horijsontal 
graduated  arc,  with  iis  wntre  opposite  the  rtintre  nf  rotation  of  the 
eye.     Upon  this  was  placed  a  movable  object,  which  served  as  a 

fixfttion-point  for  tl»e  eye  under  exam- 
ination, and  made  it  possible  60  to  direct 
it  that  the  image  of  the  flame  should  be 
rcfleetcd  ejcactly  from  the  centre  of  the 
cornea.  This  was  the  case  when,  upon 
nnolving  ttie  glass  plates  of  the  oph- 
thaliauriK'tor,  the  doiilile  init^es  of  the 
corneal  reflex  reached  simultaneously 
on  both  sides  tlie  border  of  the  double 
images  of  the  cornea,  then  h;df  covering 
eacli  other.     Comp.  Fig.  29. 

The  position  of  tlie  object  ujxin  the 
scale  gives  the  angle  which  the  line  of  vision  forms  with  the  axis  of 
the  opluhalmometer,  which  is  directed  uix)n  the  centre  of  the  cornea. 
The  axis  of  tlie  ophthalmometer  will  eoincridc  with  the  axis  of 
the  cornea  provided  the  latter  passes  through  the  centre  of  the  ctirnea. 
This  provision  is,  however,  fulfilled ;  for, according  to  Helmholtz.f 
the  summit  of  the  ellii)(se  foriue<l  by  the  curvature  of  the  cornea 
coincides  with  the  central  point  of  the  cornea.  This  was  proved 
by  Dondem  from  ophthalmometric  measnivmentri  made  for  the 
purpose.  These  results  are  contradicted  by  \\^oinow,J  accortling 
to  whose  measurements  the  corneal  axes  do  not  pass  through  tiie 
middle  of  the  cornea.  According  to  the  same  observer  tlie  angle 
between  tlie  visual  line  and  the  corneal  axis  may  vary  greatly  in 
tlie  two  eyes  of  the  same  individual,  tlie  distance  of  the  vi?;iml  line 
from  the  centre  of  iha  cornea  being,  however,  the  same  in  the  two 
eyes.  Woinow  maintained  that  Dondere'  method  did  not  measure 
the  angle  between  the  corneal  axis  and  tlie  line  of  vision,  but  the 


•  1i  lb«  Mr»w,p  ibo  pnpa,  h  Uie 
oontBMl  rvRox.  Id  onlar  to  are  Om 
eya  umler  ruLtnliiation  with  mfll- 
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•  L.  c,  pHg,  IG7. 

t  Arch.  f.  Ophth.,  B.  i.  2,  pag.  28. 
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angle  included  between  the  line  of  vision  and  the  perpendicular 
erecterJ  upon  the  middle  of  the  horiyxjntul  diameter  of  the  base 
of  the  comea.  Uiitd  this  question  is  decided  it  will  he  well  to 
indicate  the  angle  measure*!  by  Donders  by  the  letter  «'. 

The  investigations  conducted  by  Doudera  and  Doyer  upon  this 
method  show  that  the  size  of  the  angle  oc'  depends  upon  the  con- 
dition of  refraction.  In  emmetropia  the  angle  oc'  averages  6°; 
in  myopia  it  is  smaller,  and  may  indeed  be  negative,  so  that  the 
line  of  vision  deviates  out- 
ward from  the  centre  of  the  *"*"•  ^• 
cornea.  In  hyjHjrnu'tropia 
the  angle  k'  is  greater  than 
in  emmetropia;  in  16  cases 
exam  i  u  ed  1  ly  Donders  the 
minimum  of  the  angle  oc' 
was  6°,  the  maximum  9°, 
the  average  7.3°.  In  me-  -B 
ridional  asymmetry,  also,  es-  pj^  gj 
pecially  when  com  pi  ieated 
with  hypermetropia,  the  de- 
viation of  the  line  of  vision 
from  the  centre  of  the  cornea 
is  generally  greater  than  nor- 
mal. Figs.  30,  31,  and  32 
stiow  iJiose  relations.*  Fig. 
30  is  an  emmetropic.  Fig.  31 
a  myopic,  and  Fig.  32  a  liy- 
pennetropic  eye.  In  all  of 
them  the  horizontal  section 
passes  through  the  optic  nerve 
n,  /is  theixjfore  the  inner 
(niedfan),  E  the  outer  (tem- 
poral), part  of  the  eye.  Tiie 
axis  of  the  cornea  </  a  is  not 
directed  upon  the  obje<;t  fixed, 
which  caste  its  image  in  the 
fovea  ceutralis  at  I.     A  straight  line  drawn  from  the  object  fixed 
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to  its  retinal  imngc  in  the  fovea  centralis  is  the  line  of  vision  /  /*, 
and  wo  will  assume  that  this  intorsf^rt:!  the  line  drawn  through  the 
txintrc  of  the  base  of  the  cornea  and  perpendieular  to  it,  at  the 
optical  centre  of  the  eye.  The  angle  /'  AT  a  is  the  angle  between 
that  perpendicular  and  the  lineof  vi-^^ion  in  the  horizontal  meridian. 
In  tiie  vertical  it  is  generally  much  smaller,  and  has  n©  special 
clinical  interest.  The  point  d  indicates  the  position  of  the  centre 
of  rotation. 

The  most  striking  difference  which  these  figures  present  is  in 
reference  to  the  length  of  the  axes  of  the  eyes.  The  angle  I'  Ka 
is  greater  in  the  hy|iernictropic  eye  than  in  the  eninjetropifi.  In 
Fig.  31,  ivpresentinj;  a  very  myopic  eye,  it  is  negative.  The  rela- 
tion between  the  condition  of  refraction  and  the  angle  a'  is  par- 
tially explained  by  the  change  of  fi)rm  of  the  eye.  The  direction 
of  tlie  line  of  vision  i.s  determined  by  two  points,  the  optical  centre 
iCand  the  macula  lutea.  The  higher  the  dt^rcc  of  the  myopia 
tlie  greater  the  distJince  between  A' and  /,  and  this  alone,  if  the 
distanco  */  I  remained  constant,  would  diminish  the  deviation  of 
the  line  of  vision  from  the  centre  of  the  cornea.  This  explana- 
tion, however,  is  not  sufficient,  i^ince  the  deviation  may  not  only 
diminish,  but  become  absolutely  negative,  so  that  the  lino  of 
vision  deviates  outward  from  the  centre  of  the  cornea.  There  is 
a  more  important  factor  involved,  namely,  an  unsymmetrical  dis- 
tention of  the  eye,  which  is  greatest  upon  the  temporal  side.  The 
optic  disc  on  the  median  side  is  thereby  forced  still  more  inwanl, 
and  the  same  is  true  of  the  macula  lutea,  although  the  distance 
between  it  and  the  optic  disc  increases,  and  the  choroidal  atrophy 
generally  begins  just  at  this  phu^e.  Since  the  eye  is  relatively 
more  tiistended  in  its  temporal  than  in  its  median  part,  the  niarula 
hitea  becomes  more  and  more  displaced  toward  thu  [wiiit  in  which 
the  axis  of  the  c(nnea  picR-ea  the  posterior  wall  uf  the  eye,  and  the 
physiological  centre  of  the  retina  may  even  be  displaced  to  the 
inner  side  of  this  point. 

In  hypernietropip  eyes  tlie  distance  between  the  optical  centre- 
and  tlie  macula  lutea  is  shorter,  but  if  the  distance  ^  /  be  the 
ordinary  normal  one,  the  angle  a'  must  of  course  be  incrpui^fd. 
This  explanation  again  does  not  seem  sufficient,  and  an  abnormal 
displacement  outward  of  tlie  yellow  spot  must  be  assumed. 

The  varying  deviatioo  of  the  line  of  vision  from  the  centre  of 
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the  oomea  is  the  reason  for  the  peculiar  appearance  presented  by 
myopic  and  hyiMirtnetrttpic  eves.  Our  jmlj^meiit  respecting  the 
position  of  the  eyes  depends  ujkjii  the  jioijitioii  of  the  ctirueii.  lu 
emmetropic  eyes,  when  the  lines  of  vision  are  parallel  the  axes 
of  the  wniea*  deviate  oiitwanl  by  2x5°  =  10^.  We  regard 
this  as  the  normal  position.  If  now  the  anple  oc'.  increase  as  in 
hypermctropia  to  9°,  tlien  when  the  lines  of  vision  are  parallel 
the  corneal  axes  will  intersect  each  other  behind  the  eye  at  an 
angle  of  2  X  9°  ^  18°,  and  this  j^ives  the  impression  of  diver- 
gence. An  appan^nt  strabismus  divcrgens  Is  therefore  one  of  the 
L peculiarities  of  hypermetropic  eyes,  and  this  appeai-ance  is  often 
so  detvptive  that  one  can  satisfy  himself  of  the  actual  direction 
of  the  lines  of  vision  only  by  exjreriment. 
The  simplest  manner  of  conducting  the  experiment  is  as  fol- 
IpM'a.  The  patient  is  directed  to  fix  an  object  about  25  cm.  dls- 
[hnt.  The  examiner  covers  first  one  eye  with  his  hand,  and  then 
moves  it  so  as  to  cover  the  other  eye,  observing  at  the  same  time 
whether  the  eye  thus  uncovered  changes  its  pfwitiun  before  it 
can  be  usetl  for  Hxation  ;  if  it  iloes,  then  there  was  an  abnormal 

Ipoeition^ — that  is,  strabismus.  If  during  the  experiment  the  eye 
docs  not  cliange  its  position,  there  is  no  true,  but  only  apparent 
strabismus. 
The  case  is  reversed  in  myopia.  The  smallne.ss  of  the  angle  oc' 
csuset^  an  apparent  strabismus  couvergens.  Often,  upon  trying 
fclic  experiment  just  described,  it  is  found  that  there  is  apparent 
strabismus  convergens,  but  at  the  same  time  actual  divergence  of 
the  visual  axes. 
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THE     MOVEMENTS    OF    THE     EYES, 

DIPLOPIA. 


AND    THE     LAWS     OF 


The  movements  of  the  eyes  take  place  about  axes  which  are 
assumed  all  to  intersect  each  other  at  a  jwint  calletl  the  centre  of 
rotation.  Mauy  iuvcstigations  have  been  made  with  reference  to  the 
situation  of  this  point,  but  they  have  led  to  eomcwhat  contnwlic- 
tory  conclusions.  This  disagreement  is  due  partly  to  the  different 
methods  of  examination  and  partly  to  differences  in  the  eyes  ex- 
amine<].  Starting  with  the  fact  that  ametropia  depends  princi- 
pally upon  the  length  of  the  visual  axis,  Bonders  and  Doyer 
made  a  scries  of  experiments  to  determine  the  position  of  the 
centre  of  rotation  in  the  various  conditions  of  refraction.  Their 
method  of  examination  was  as  follows : 

The  horizo[itd  diameter  of  the  cornea  and  the  angle  formetl  by 
the  line  of  vision  Hnd  the  axis  of  the  cornea  were  first  measured 
with  the  ophthalmometer.  A  fine  thread  was  then  stretched 
perpendicularly  before  the  eye,  and  it  was  observed  how  far 
the  eye  had  to  move  toward  the  right  and  left  in  order  to  bring 
first  one  margin  of  the  cornea  and  tlieu  the  other  exactly  behind 
the  thread.  From  this  angle  and  from  the  known  length  of  the 
rotation,  the  position  of  the  centre  of  rotation  was  calculated.* 
The  resultM  at  which  tliey  arrived  were  as  follows: 

1.  Ill  emmetropic  eyes  the  centre  of  motion  is,  on  an  average, 
1.77  millimetres  Ixihind  the  middle  of  the  axis  of  vision. 

2,  In  myopia  the  centre  of  motion  lie^  deejjcr  in  the  eye,  but 
at  the  same  time,  on  account  of  the  length  of  the  sagittal  diatuetep, 
it  lies  also  farther  from  the  posterior  wall.  The  projHirtion  be- 
tween that  part  of  the  visual  axis  lying  in  front  and  that  behind 
the  centre  of  motion  is  nearly  the  same  as  in  emmetropic  eyes. 
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3.  In  hypermetropic  eyes  tlie  centre  of  motion  docs  not  lie  so 
far  behiiKl  the  oornea,  but  at  the  same  time  it  is  considerably 
nearer  than  normal  to  the  posterior  wall  of  the  eye. 

In  Figs.  30,  31,  and  32  the  ]>03ition  of  the  centre  of  motion  is 
indifaied  by  the  letter  d.  Doiiders  expressly  stated  that  tlicse 
results  atlwt  only  movements  in  the  horizontal  plane,  and  left 
the  question  still  open  whether  the  movements  in  the  other  di- 
rections have  the  same  centre  of  rotation.  Later  investigations 
have  not  settled  this  question.  In  the  case  of  Iiis  own  eyes, 
J.  J.  Muller*  found  that  the  centre  of  motion  was  farther  back 
from  tlie  centre  of  the  cornea  the  hij^her  thu  plane  of  vision  rel- 
atively to  the  position  of  the  hearl.  Expenmenta  which  Dr. 
Berlinf  made,  by  a  method  altogctlier  different,  led  to  tJic  same 
result.  On  the  contrary,  A.  W.  VolkmannJ  and  Woinow§  found 
one  and  the  same  centre  of  rotation  for  all  the  movements  of  the 
eye. 

The  movements  of  the  eye  in  a  vertical  direction  extend  through 
an  anj;;le  of  about  90"^,  in  such  a  way,  however,  that  the  move- 
ment downward  is  greater  than  the  movement  upward.  In  youth, 
the  emmetropic  eye  can  move  in  the  horizontal  dii*ection  inward 
from  42°  to  51°,  and  outward  from  44"  to  411°. 

The  movement  of  Ijoth  eyes  is  generally  equal.  With  increase 
of  age  the  motility  diminishes.  It  is,  moreover,  to  be  noticed 
that  practice  exercises  a  marked  influence  in  the  extent  of  the 
movemeutH  of  the  eyes. 

The  movement  inward  is  grea^r  when  both  eyes  are  turned 
simultaneously  toward  tlie  ssmie  side  (associated  movement)  than 
when  Iwth  eyts  a»-e  simuJtaueou^-ily  directed  inward  (conv«r^unt  or 
accommodative  movement).  From  this  it  follows  that  during  the 
movement  of  convergence  not  only  tlie  recti  inti'rni  muscles,  but 
the  recti  externi,  are  innervated.  The  tension  of  the  miLscIes 
the  eye  is  greater  during  convergence  than  it  would  be  were 
one  eye  to  be  held  in  the  same  ]>osition  and  the  other  -turned  in  a 
direction  parallel  to  it.  The  point  of  intersection  of  the  visual 
axes  during  the  strongest  convergence  in  emmetropia  lies  at  a 

♦Arch.  f.  Ophth.,  B.  xiv.  8,  pag.  188. 

f  Dr.  E.  Bftrlin  in  Palermo,  Arch.  f.  Ophth.,  B.  xvii.  2,  pog.  164. 

j  Berichte  d<>r  K6niLr!.  fiths.  GesolUuliaft  der  WUsenscbaften,  6  Feb.  I8fi9. 

I  Arch.  r.  Ophtb.,  B.  xvi.  1,  pug.  243. 
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distance  of  from  6  to  8  centimetres.     Fig.  33  shows  the  aver 
results  of  experitneuts  u|)on  the  moveraeiitd  of  emmetropic  ejreaf^ 
it  is  reduce*!  to  one-third  die  natural  fiizc. 

The  ooutluuous  lines  iudi(.»te  the  direction  of  the  lines  of 
vision;  the  dotted  lines  are  drawn  perpendicularly  to  the  eentre 
of  the  cornea.  0  P  and  O'  P*  represent  parallel  lines  of  vision. 
The  maximum  of  divergence  caused  by  prisms  with  their  refract- 
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*ng  angles  turned  outward  is  indicated  by  the  line3  O  D  and 
0'  /)'  for  the  visual  axes,  and  O  d  and  O'  d'  for  the  axes  of  the 
cornea.  The  dire<;tiou  of  the  lines  of  vision  during  the  greatest 
movement  outward  is  indioiited  by  tlic  lines  O  Ej  O'  1*7 j  and 
during  the  greatest  movement  inwiird  by  the  lines  O  /and  O'  F, 
O  tj  O'  e"  and  O  i,  O'  V  show  the  corresjxmding  ]>usitions  of  the 
corneal  axes.  C  is  the  nearest  point  attained  during  the  maximum 
of  oonvei^noej  it  lies  considerably  farther  from  the  eyes  than 
the  i>oint  at  which  the  lines  0  /and  O'  I'  intersect. 

In  full  accord  with  the  above  are  the  facts  shown  by  Hering,t 
that  the  movement  of  the  right  eye  to  the  right  and  the  luft  eye 
to  the  lefl  is  less  in  near  than  in  far  vision,  and  that  the  ficUl  of 
vision  becomes  smaller  the  nearer  it  lias  to  the  eye. 

The  p>sition  of  the  eye  is  not  absolutely  determined  by  the  di- 
rection of  the  line  of  vision, — that  is,  the  line  which  connects  the 


*  Nsoh  Sohuurmonn,  Vifdo  VerslAg,  pAg.  44. 

f  Die  Lehre  vom  biaoculftreii  Sehen,  pag.  11,  Leipzig,  1858. 
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point  fixed  and  the  centre  of  rotation  of  the  eye, — for  tlie  eyo  may 
revolve  about  this  axis  and  tlie  position  of  the  axis  1m?  unchanired. 
8u<'h  ujoveraonttiof  the  eye  are  tailed  wheel  rotations  {Rnddrohnn- 
gen),  because  the  iris  revolves  like  a  wheel.  Investigations  u|)on 
this  subjwt  have  established  the  law,  first  laid  down  by  Dondera, 
that  for  every  position  of  tlie  axis  of  vision  relatively  to  the  head 
there  is  a  detcrmioed  and  unchangeable  limit  to  tlie  decree  of 
revolution  of  the  eye  upon  this  axis.  The  inrlination  of  the 
nieridiani^,  under  normal  relations,  is  never  so  great  as  occura  in 
oonsequenee  of  pathological  renditions  of  the  w^ular  muscles. 

Under  physi<dogi<aI  relations  the  innorvntion  of  the  eye  is 
always  so  regulatetl  as  to  insure  binocular  single  vision.  If  we 
wish  to  look  direetly  at  lui  object,  to  whieh  our  attention  is  railed, 
we  turn  our  eyes  in  sueh  a  direction  that  ttie  imagu  will  be  cjist 
upon  tlie  fovea  centralis,  physiologiwd ly  the  roost  sensitive  part 
of  the  retina.  The  synimetricjd  position  of  the  physiological  cen- 
tres of  the  retina  is  tlie  anatoniitsil  ground  for  binocular  vision. 
If  a  distant  object  be  fixe<i  with  parallel  lines  of  vision,  and  the 
attention  be  then  directed  to  a  swond  object  lying  to  one  side  of 
the  first,  the  retinal  image  of  this  second  object  will  be  thi-own  in 
ttth  ey^at  an  efjual  distance  from  the  morula  hitca,  and  in  order 

tix  this  object  lM>tb  eyes  must  move  thrtatgh  an  cijual  angle. 
Consequently,  e«]ual  innervation  on  both  sides  is  necessary  for  the 
flyinmetrical  uiovements  of  the  eyes.  Tlic  (-.ise  is,  of  course,  tlie 
same  when  the  object  lixed  approaches  the  median  line. 

But  Hering*  has  further  shown  that  an  ecjual  innervation  of 
the  two  eyes  is  retpiiivd  to  dii-ert  them  upon  a  near  ns  well  as  a 
far  objec^t  lying  to  one  side  of  the  merliaii  line.  To  ilhif^trate:  let 
the  eyes  at  first  be  directed  upon  a  far  iwiint,  so  that  the  lines  of 
vision  are  parallel.  If  now  the  bight  be  <lireoteil  upon  a  nearer 
point,  one  lying  to  the  left  of  the  median  plane  and  upon  the  tine 
of  vision  of  the  left  eye,  then  will  the  left  eye  liave  to  change  ild 
aooommoilation,  but  not  the  direction  of  its  line  of  vision,  while 
the  right  eye  in  order  lo  adjust  itself  u|X)n  the  fixed  jwint  must 
^ecutea  movement  of  convergence.  But  even  in  such  a  case  the 
impulse  of  iuuervatiou  irn])ar^d  to  the  ocular  muscles  is  divided 
equally  betAVtjen  both  eyes.     Both  receive  an  equally  stn>ng  ini- 

*  Bering,  Die  Lehre  vom  binocularcn  Schim,  {  4,  Lcipxig,  1868. 
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pulfie  toward  an  accomniotlntive  (oonvei^ing)  movement,  and  at 
the  same  time  towani  an  associated  movement,  to  the  left.  The 
left  eye  receives  at  the  sjime  lime  two  oppfwite  and  wimdly  strong 
imjmlsos;  consetiucntly  it  yields  to  neither  of  them.  In  the  right 
eye  tlie  equally  Htrong  impulses  both  act  in  the  same  direction  and 
move  it  to  the  left. 

Now,  tliat  it  18  actually  true  in  the  case  just  described  that  two 
antagonistic  imiscle-s  are  called  inti^  activity,  is  shown  by  a  slight 
twitching  to  and  fro  of  the  eye,  which  can  be  observed  by  a  second 
pei'eon.  The  two  concurring  innervations  acting  upon  the  left 
eye,  during  this  movement,  are  not  so  exactly  t>alanced  but  that 
an  interchangeable  momentary  prepon<lerance  of  the  one  muscle 
over  the  other  may  occur.  This  twitching  becomes  gradually  less 
perceptible  if  one  practise  such  cxperimeuts.  That  such  twitch- 
ings  do  occur  at  all,  is  pr(x)f  timt  the  innervation  afl\«'ts  not  only 
the  right  eye,  but  the  left  eye  as  well,  alttiough  the  leit  eye  is 
already  directe<l  upon  the  piiint  fixe<l, 

The  laws  of  the  iissociatetl  action  of  mns4!les,  which  become  es- 
tablished in  individuuln  thnnigli  pruclicc  and  habit,  gruduallv  bv 
hereditary  transraissiou  become  eougeuitiil  characteristics.  It  may 
indeed  be  said  that  the  laws  which  in  general  govern  the  movements 
of  the  eyes,  prevail  for  the  most  part  as  congenital  conijjulsions, 
just  as  pathological  relations  of  the  ocular  muscles  and  their  inner- 
vation may  be  transniitted  to  offspring.  On  the  other  hand,  it 
can  lie  proved  that  iu  the  interest  of  binocular  vision  movements  of 
the  eyes  can  be  caused  which  never  occur  under  normal  relations, 
p:irlicidarly  divergence  ami  diiferences  iu  level  of  the  visual  axes. 
h'  when  viewing  a  distant  object  a  prism  of  from  6  to  8  degrees 
be  placed  before  the  eye,  with  the  refracting  angle  tumwl  outward, 
the  retinal  image  will  be  thrown  to  the  median  side  of  the  macula 
lutea.  Diplopia  cKicurs,  but  it  gradually  dis:ippears,  Ixxause  the 
eye  performs  a  partial  revolution,  by  which  the  macula  lutea  is 
moved  inward  and  the  cornea  outward.  The  divergence  which 
c^an  1m'  ejected  in  this  way  is  in  enimetropia  on  an  average  4°. 
It  lias  110  influence  upon  the  maximum  of  diver^ncc  attainable, 
whether  a  prism  of  8°  (which  causers  a  refraction  of  about  4°)  be 
placed  before  only  one  eye,  or  whether  the  effect  of  the  prisms  be 
divided  upon  both  eyes  by  placing  in  front  of  each  u  jirism  of 
perhapai  4**,  with  the  refracting  angle  turned  outward.     This  fact 
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alfio  proves  that  the  impulse  of  inner\'ation  is  cqimlly  HivuUhI  l>e- 
tweeii  the  two  eyea,  so  that  when  the  prism  h  ap[>lic(I  to  only  one 
eye,  although  only  that  eye  deviates  outward,  still  the  impulKc  of 
inaervatioD  extends  to  botli  eyes. 

The  act  by  which  the  comi^ensating  revolution  of  the  eye  does 
away  with  tlie  diplopia  protlut-ed  by  prisniK  is  generally  called  (he 
"overcoming  of  prisniB."  Starting  from  a  parallel  jKwiiion  of  the 
visual  axes,  emnietropes  are,  on  an  average,  able  to  overcome 
risms  of  8°,  which  is  equivalent  to  a  divergeiu-e  of  the  visual 
KC6  of  4°.  The  axes  of  the  cornea,  which  in  emmetropic  eyes 
form  an  angle  of  5°  with  the  line  of  vision,  diverge  at  an  angle  of 
10"  when  the  visual  axes  are  parallel,  and  at  an  anj^le  of  aliout 
14°  when  the  maximum  of  diverp^ence  is  reaclie*!.  In  hyperme- 
tropiu,  according  to  Sciiuurmann,  the  divergence  of  the  visual 
lines  attainable  by  prisms  is  less  (on  an  average  2.8°);  but  since 
at  the  same  time  the  deviation  of  the  line  of  vision  from  the  centre 
of  the  oomea  is  greater  (on  an  avei-age  7,5°),  the  divergence  of 
the  corneal  axes  is  greater  than  in  eniniptropic  eyes  (on  an  average 
17.8°).  In  myopia,  stronger  prisuis  can  be  overcome  tlmn  in  em- 
metropia.  The  maximum  attainable  divergence  of  the  visual  axes 
is  on  an  average  5.8°.  Although  in  niyttpia  tlie  line  of  vision  in- 
tei^et^ts  the  eorneji  nearer  its  middle  than  iu  emmetropia,  the  pos- 
sible tlivcrgeaoG  attainable  by  the  corneal  axes  is  greater  than  in 
emmetropia.  In  pome  casps  the  deviation  of  the  line  of  vision 
from  the  centre  of  the  eorm^i  may  be  actually  negative, — that  is, 
the  line  of  vision  intersects  the  cornea  to  the  outer  side  of  its 
middle  |>oint,  w)  that  with  ilivergence  of  the  visual  lines  there  is 
still  convergence  of  the  corneal  axes.  For  this  reason,  in  the 
cases  examined  by  Schuurmann,  the  average  attainable  divergence 
of  tl»e  corneal  axes  was  about  9°,  or  something  less  than  for  em- 
metropic eyes. 

Prisms  with  their  refratrting  angles  turned  inward  are  overcome 
by  convergence  in  a  similar  manner;  a  (Tontractitm  of  the  pupil 
and  a  tension  of  accommodation  occur  at  the  same  time.  The 
indUtin(!tness  of  vision,  c4iiiRe<l  l>y  this  tension  of  accommoflution, 
may  be  relieved  up  to  a  certain  degix*  by  the  aecwmmotlation  ad- 
justing itself  for  the  relative  far  point  corresprniding  to  the  given 
d^ree  of  convergence.  The  limits  within  which  this  vun  be 
done  are  determined  by  the  laws  governing  the  relative  range  of 
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accommtxlation  (see  p.  19).  Upon  abanduning  distinct  retinal 
ininj>;<'.-*,  and  aft^^r  some  pmctii'O,  one  ran  overt?ome  verv  strong 
]>ri^)u^  wUli  their  reiraetiug  angles  turned  inward,  even  up  to  the 
greatest  degree  of  convei^nce  attainable  under  any  circiimstanoes. 

These  are  moveinenU  of  the  eyes  with  whieh  we  are  more  or 
less  familiar.  \Vc  make  the  movement  of  convergence  so  often 
in  our  daily  oecupations,  that  we  find  no  difficulty  in  doing  it 
untier  the  inflncnce  of  prisms.  Divergenee  of  the  visual  axes 
never  occurs  under  normal  relations  j  hut  we  have  learnerl  as 
of\ou  as  we  pass  from  convcrgeuee  to  parallelism  to  call  both 
externi  muscles  simultaneously  into  action,  and  this  action  will 
extend  sonicwhat  Ix^yond  the  normal  limit  if  a  demand  is  made 
upon  it  in  the  interest  of  binocular  single  vision.  The  vase  is 
ahoj^etiicr  difien'nt  when  we  provoke  double  images,  standing  jn 
ditVeitnt  horizontid  planes,  by  meiins  of  jirisms  with  the  refracting 
angle  turned  upward  or  downward,  and  whieh  are  united  by 
change  of  level  of  the  visual  lines.  The  ordinary  motions  of  the 
eye  present  no  analogy  for  this  case,  and  under  physiological 
relations  one  line  of  vision  tarnnot  deviate  perj>endicular!y  more 
tlian  IJ  or  2  degrees  from  the  direction  of  the  other, — that  is, 
prisms  of  fmm  3°  to  4°  are  iiie  strongest  which  can  Iw  overettme 
by  deviations  in  a  |jeri)eudicular  direction.  One  can  learn  by  prac- 
tice, and  by  beginning  with  prisms  in  a  horizontal  and  gradually 
turning  them  to  a  vertical  {X)sition,  to  overcome  prisma  of  Irora 
8°  to  8°.  Under  palhologiral  conditions,  espocially  with  insutli- 
ciency  of  the  internal  recti  muscles,  much  stronger  prisms  acting 
in  a  vertical  direction  are  often  overcome. 

The  diploj}ia,  whicli  we  ciin  provoke  by  j>liysiological  experi- 
ments, serves  to  explain  almost  nil  casts  of  jwithological  diplopia, 
upon  the  basis  of  the  so-culled  empirical  theory  of  vision.  If  we 
fix  a  certain  object  with  the  right  l'Vc,  then  a  second  object  lying 
to  the  right  of  the  first  will  cast  its  image  on  the  median  half  of 
the  retina.  Impressions  made  upon  the  meilian  half  of  the  right 
retina  are  referred  to  objects  lying  to  the  right  of  the  fixation- 
|Hjinl.  For  the  same  reason,  retinal  images  on  tlie  tempond  half 
of  the  right  eye  are  referred  to  objects  to  the  leil  of  the  fixation- 
point.  For  the  left  eye  the  relations  are  of  course  exactly  sym- 
metrical. 

Ap]>lying  this  principle  at  the  same  tame  to  both  eyes,  wc  have 


I 


JL. 


DIPLOPIA. 


133 


iws  for  the  occun'enoe  of  homonymous  and  of  crossed  df)nble 

In  Fig.  34,  suppose  both  eyes  to  be  directed  upon  the  point  6, 
then  will  the  image  a'  of  tlic  point  a  be  cost  in  both  cyc:^  upon 
the  median  half  of  the  I'etina,  and  from  what  lias  bt>en  said  it  iol- 
lows  that  tlie  image  a',  in  Uie  left  eye,  will  be  referred  to  an  object 

Fio.  84. 


to  the  lotl  of  tlie  |>oiiit  /»,  and  tlic  image  «',  in  the  right  eye,  to 
an  object  to  the  right  of  ft.  The  piint  a  uppcarn  in  double 
homonyni()U.s  images,  llelatively  to  the  point  a  the  visual  axes 
[»nverge,  since  they  intersect  at  6.  Convergenw  of  the  visual 
I  causes  homonyraona  double  images,  and  conversely  we  can,  as 
a  rule,  diagnose  convergence  of  the  visual  axes  from  homonymous 
doubli!  images.  On  the  contrar)',  impressions  made  on  the  tem- 
poral half  of  the  retina  are  projerted  by  the  right  eye  to  t fie  left, 
and  by  the  lefl  eye  to  the  right  of  Uie  Hxation-[>oint,  If  a  is  the 
point  fixed,  then  b  casts  its  intage  h'  in  both  eyes  njxin  the  tempo- 
ral half  of  the  rt^tina;  the  point  b  apiHiars  double,  and  the  image 
in  tiie  right  eye  will  be  seen  to  the  left,  and  the  image  in  tlic  left 
eye  (n  tli<'  right,  of  the  point  a.  There  is  crosswl  diplopia.  Ilola- 
tively  t^.>  the  jwint  b  the  visual  axes  are  divergent;  t^onscfpiently 
divergence  of  the  visual  axes  causes  crossed  double  i  mages,  aud  con- 
versely divergcnwt  of  the  visual  axes  may  Ix^  inferred  from  dijilopia. 
The  results  of  this  easy  experiment  may  be  stil)  further  ton- 
firmed  by  prisms.  If  we  place  before  the  right  eye  a  prism  with 
the  n-lrarting  angle  tnrne^I  outward,  then  will  the  image  l>e  so 
di^pluced  that  tl»e  jwint  fixed  with  the  left  eye  will  cast  its  image 
in  the  right  eye  to  the  meilian  side  of  the  macula  lutca,  and 
homonymous  diplopia  occurs.     If,  ou  the  contrary,  there  exist 
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}mn»onymou8  iliplopiu  in  (wnsetjiienw  of  a  false  pf>sition  of  the 
riglit  eye  (converging  squint),  we  can,  bv  the  use  of  tlie  iiro|>er 
prit:mH  with  their  refractiu;;  angles  tunu^fl  inwanl,  move  the  image 
so  fur  towaixi  the  tem)>oral  side  thai  it  will  fall  upon  the  macula 
lutca.  In  this  way  we  again  establish  the  possibility  of  binocular 
single  vision,  and  this  {H>s>^tliility  is  realized  whenever  the  normal 
binocuW  act  takes  place.  From  what  has  bcon  said,  it  follows 
that  we  can  correct  hojiionymous  diplopia  by  prisms  with  their  bases 
lumeil  outward,  :uid  crojised  diplopia  by  prisniH  witli  tlieir  bases 
turned  inward. 

In  accordance  with  what  has  l>ccn  said  above,  concerning  the 
action  of  prisms,  it  is  not  necessary  to  jWace  the  correcting  prism 
before  the  deviating  eye :  it  is  generally  l>ettor  to  place  prisms  of 
equal  strengtii  before  both  eyes. 

The  same  is  true  wlien  the  double  images  are  ou  a  different 
level.  If,  for  instance,  the  retinal  image  of  the  object  fixed,  fall 
in  one  eye  below  the  inmiiia  lutca,  it  will  be  seen  by  tliat  eye 
above  the  object.  We  cjin  (siuse  it  to  approach  the  macula  lutco, 
and  can  i^tore  binocular  single  vision  by  means  of  a  prism  with 
itfi  base  turned  upwanl.  If  one  wishes  to  divide  the  action  of 
the  prisms  upon  both  eye*?,  the  other  eye  is  to  be  provided  with  a 
prism  with  its  base  turnwl  downward. 


PARALYSIS  OF  THE  OCULAR   MUSCLES. 

The  nerves  which  oonti*ol  the  movements  of  the  eyes  are  dis- 
tributed very  un-uniformly  to  the  muscles.  While  the  norvus 
abducens  and  the  ucrvus  trm;l)Iuaris  innervate  only  u  singlu  muscle 
eacli,  all  the  other  moscles  of  the  eye,  together  with  the  levator 
|>alpcbne  superioris,  depend  upon  the  nervus  oculo-motorius. 
Moreover,  the  sympatlieticius  exercises  an  influence  uikju  the 
muscles  of  the  iris,  and  upon  those  smooth  muscular  fibres  of  the 
liils  which  II.  Mfdler  distx>ycred. .  * 

A  special  consideration  of  the  paralyses  of  ihe  ocular  muscles 
will  be  conducted  with  reference  Ut  the  nervous  distribution. 


PARALYSIS  OF  THE  ABDUCEN8. 

The  paralysis  of  the  rectus  externus  muscle  causes  a  limitation 
in  the  outward  movement  of  the  eye,  which  varies  greatly  in 
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proportion  to  the  degree  of  the  paralysis.  In  eompJote  paralysis 
the  eye  can  be  turned  outward  scarcely  beyond  the  middle  of  the 
^l|)uhral  fissure,  while  with  incomplete  paralysis  nioveniont  is 
often  ao  well  maintained  that  the  eye  can  be  turned  outward 
alrno?;t  to  the  normal  limit,  but  only  for  a  short  time,  and  with 
a  twitching  movement.  The  estimation  of  the  logs  of  motility 
18  made  easy  by  obser\'ing  that  portion  of  the  sclera  between  the 
oornea  and  the  external  cantliits,  which  remains  visible  when  the 
eye  turnH  outward  to  its  farthest  limit;  this  free  scleral  space  is 
of  a  size  easily  rocttgni/^bie.  More  important,  however,  is  it  to 
conjjmro  the  motility  of  the  two  eyes,  sim^  the  degree  of  move- 
ment iu  general  and  under  normal  conditions,  varies  greatly  in 
different  individuals.  While  many  j^crsons  can  move  their  eyes 
throuj;li  HO  great  an  arc  that  the  linibus  of  (ho  cornea  disiipju'ur-s 
*hind  tiie  external  canthns,  ttierc  always  remains  visible,  in  the 
of  otJiei-s,  a  segment  of  the  sclera  more  Uian  a  millimetre  in 
breadth,  Xevertheless,  aside  froin  exceptional  ciuies  whicli  are 
cxplaiudl  by  striking  difTereuces  in  (he  anatomical  structure  of  the 
eye  {for  instance,  a  high  degree  of  uiiilatend  myopia),  the  move- 
meiitH  of  the  two  eyes  are  equal,  so  that  a  difference  in  the  move- 
mentit,  as  a  rule,  should  Ik-  referral  to  a  muscular  paralysis  of  that 
eye  which  falls  l>ehind  in  associated  movements. 

£veu  when  tiie  defect  of  absolute  motion  is  too  slight  to  be 
observed  with  certainty,  the  <listurbanres  in  assfK'iatcd  movements 
sre  apparent.  We  will  suppose  a  case  of  paralysis  of  the  alnlu- 
cens  on  the  right  side,  then  in  the  associatetl  movement  toward 
the  left,  the  muse,  rectus  extenuis  of  the  left  and  the  rectus  iu- 
ternus  of  the  right  eye  will  act  equally  and  together*  in  the 
movement  toward  the  right,  on  the  contrary,  the  impulse  of 
innervation  divided  e<iually  between  the  two  eyes  is  sufficient  for 
llie  healthy  rectus  iniernus  of  the  ktt,  but  not  for  the  i^aralytic 
rectus  externns  of  the  right  eye.  The  left  eye  can  follow  tiie 
movement  towarrl  the  right  of  the  object  fixed,  but  the  right  eye 
falls  l»ehind  in  its  movement,  even  before  it  attains  the  limit  of 
ita  ul>solute  motility  ;  it  surrenders  fixation,  and  an  abnormal  con- 
vergence of  the  visual  axes  and  consequent  homonymoris  diphipia 
occur.  If  now  the  unaffected  left  eye  be  covered,  the  right  pyt^j 
before  it  reaches  the  limit  of  its  absolute  motility,  can  tlirect  itself 
upon  the  object  fixed,  but  of  course  only  by  a  greater  effort  than 


136 


PARAI^YSIS   OF   THK   ABDUOES8, 


iiiuler  nnrmal  nonditions.  Sinct',  httwever,  ihe  inipulsp  of  inner- 
vation acts  tqually  upon  both  eyes,  the  healthy  rectus  internns  of 
the  left  eye  will  lie  just  as  strongly  innervate*)  as  is  tlie  paralytic 
rectus  externiiH  of  the  rij::ht  eye,  a)nse(juentJy  the  associated  move- 
ment of  the  left  eye  is  rehitively  too  great,  and  there  oocurs  n 
&till  stronger  convergence  than  when  tliC  healthy  ej'e  is  used  for 
fixation. 

Often  the  antagonist  of  the  paralyzed  muscle  beoomes  shortened, 
and  the  efteet  is  an  nbnornia)  convergt'nce  for  every  p«rt  of  the 
field  of  vision.  This  is  due  to  the  fact  that  tlie  antagonist  is 
always  in  action.  So,  for  instance,  in  {laralysis  of  the  ubduiMUis 
on  the  riglit  side,  the  rectus  internus  of  the  eye  aifected  is  called 
into  activity,  both  in  the  associated  movement  toward  the  left  and 
during  convergence,  without  the  occurrence  of  any  counterlial- 
ancing  tt^nsion  on  the  part  of  the  alxliiceus.  In  many  cases  this 
pamlytic  squint  often  develops  at  a  very  early  stage  of  the  dis- 
ease; it  occurs  in  the  majority  of  cases  of  paralysis  of  the  ab- 
ducens.  Still,  there  are  cases  in  which,  during  the  whole  course 
of  the  {>aralysis,  a  ti'ue  paralytic  squint  does  not  develop,  but 
convergence  4X'curs  only  in  tliose  positions  which  call  for  the 
activity  of  the  paralyzed  muscle.  It  is  highly  probable  that  tlie 
occurrence  or  uon-occurruucu  of  paralytic  squint  depends  u|K)n 
the  pre-existing  relative  elasticity  of  the  ocular  muscles. 

The  recognition  of  |KiraIysis  of  tlic  alnlucens  presents  no  diffi- 
culties. The  limitation  of  motion  is  often  so  apparent  that  it 
alone  assures  the  diagnosis.  If  this  limitation  l>c  so  slight  tliat 
tliere  is  still  some  doubt,  the  test  by  double  images  is  a  very 
reliable  one.  Diplopia  ocL^urs  whenever  vision  is  turned  in  a 
direction  for  which  the  actiou  of  the  abduecns  is  iusutlicieat, 
and  the  distance  between  the  double  images  is  increased,  the 
greater  the  demand  made  ujK)n  the  paralyzed  raiwde.  The  best 
method  of  conducting  llie  test  by  double  images  is  as  follows.  A 
sharply  defined,  cjLsily  jjcrceivcil  Hxat.ion-oi>ject  is  employed,  the 
flame  of  a  candle  is  the  bestj  one  eje  is  covcreil  with  a  colored 
glass,  say  a  bright  red.  The  ditlereuce  in  color  of  the  two  images 
makes  it  easy  for  the  [latient  to  see  them  both,  and  enables  the 
examiner  to  determine  at  ouce  to  whicli  eye  the  respective  images 
belong.  We  will  suppose,  again,  a  paresis  of  the  abducens  on  the 
right  side,  in  the  first  place  without  any  contraction  of  its  antag- 
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onii^t;  then  there  will  !«  single 


the  lci\  half  of  ttie  v!fiua1 


vision 

field,  »]>  to  (he  median  line  or  even  beyond  it,  till  the  ohject  fixed 
conies  o|iiM>.sitc  the  right  eye.  The  more  vision  is  directed  toward 
the  right,  so  much  tlie  more  doea  the  right  eye  fall  relatively 
behind  the  left:  homonymous  double  images  appear,  whose  dis- 
tance from  each  other  iucreuacs  the  moi-e  the  candle  is  moved 
toward  the  right 

The  l)oundary-line  which  separates  the  region  of  single  vision 
from  that  of  diplopia  may  lie  ujx>n  the  Bame  ^ide  of  tlie  median 
plane  if  the  degree  of  paresis  is  slight,  or  it  will  lie  beyond  it  if 
tieoondary  contraction  of  the  antagonist  has  oct'urred.  This  hoiind- 
«Ty-line,  moi*eover,  is  generally  not  vertieal,  but  so  intilined  that 
the  region  of  diplopia  is  raore  extensive  btlow  than  above.  Since 
nearly  all  objects  in  the  up^>er  half  of  tlie  vlbual  field  are  seen  with 
parallel  axes  of  vision,  while  downward  vision  is  generally  asso- 
ciated with  convorgonoe,  we  accordingly  often  find  under  putho- 
logieul  conditions  an  inclination  to  parallelism  or  divergence  while 
looking  upward,  and  to  convergence  when  looking  downward. 

Finally,  the  line  of  demarcation  between  single  and  double 
vision  is  no  fixed  and  unchangeable  one,  for  its  position  varies 
according  to  whether,  in  making  the  examination,  one  starts  from 
tlie  region  of  single  or  of  double  vision.  In  tlie  first  case,  biiioc- 
olar  single  vision  is  maintained  as  long  as  the  relations  of  inner- 
vation }K'rniit,  while  conversely,  if  the  object  fi.Ted  be  moved 
gradually  from  the  region  of  double  vision  toward  the  other  side, 
tiie  double  images  still  persist  when  the  position  has  come  to  be 
that  in  which  single  vision  can  be  {jcrfectly  well  maintained.  The 
impulse  toward  binocular  single  vision  resists  the  separation  of  the 
double  images  as  long  as  possible,  but  its  effect  is  not  so  great 
when  calh*«l  upan  to  unite  double  images  already  existing.  The 
influence  whicii  the  requirements  of  bino<^ular  vision  exercise  upon 
the  maintenance  of  a  proper  position  of  the  eyes,  is  early  seen  in 
those  cases  of  receding  muscular  paralysis  in  wliich,  in  the  greater 
part  of  the  field,  single  vision  has  been  restored.  If,  for  instance, 
in  sui'b  a  e;ise  of  paresis  of  the  aUltioens,  double  images,  standing 
one  higher  than  the  other,  are  produced  by  prisms  acting  vertically, 
the  iniaj^es  will  show  nt^ar  the  lM)uiidary  of  binocular  single  vision 
not  only  a  dillljrencc  in  level  but  a  bouioiiytuous  lateral  separa- 
tion.    This  proves  that  under  these  circumstances  single  visiou 
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can  be  maintained  only  hy  un  uniLsuuHy  strong  impulse  of  inner- 
vation. Theocx'afiion  for  this  impulse  uo  longer  cxihLs  when  vi^r- 
tioilly  refracting  prisms  render  the  uniting  of  the  double  retinal 
images  impossible. 

Tf  paralrtic  Btrabismns  convergent  has  develo[x>d,  diplopia 
exiends  over  all  or  nearly  all  the  field  of  vision.  The  diagnosis 
between  paralytic  and  typical  Htrabismiifi  oonvergens  is  not  diflS- 
cult,  although  a  Sfiuint  originally  jiaiulytlc  may  l^ecome  a  typical 
one, — tliat  ii*,  when  strahismns  conver^ns  remains  after  rec4>very 
from  the  paralysis.  We  class  as  jiaralytie  squint  all  those  ca^es 
in  which  there  are  signs  of  paralysis  of  the  ocidar  mnsclcs,  recog- 
fiizuble  by  a  limitation  of  movement  and  the  behavior  of  the 
double  images.  If  diplopia  exist  in  typicail  strabismus,  the  distanoe 
Ijetween  the  two  images  remains  nearly  tlie  same  in  everj-  [wirt  of 
the  field,  while  in  paralytic  strabismus  there  is,  it  is  true,  diplopia 
in  the  entire  6eld  of  vision,  but  the  distance  between  the  images 
increases  thegreaiter  Lhedennuxl  made  u|Km  the  paralyzed  muscle. 

It  should  be  mentioned  that  iu  Honic  cases  the  patients  do  not 
complain  of  diplopia,  but  only  of  indistinct  vision.  The  impres- 
sion is  that  tliey  see  one  object  through  atuitlier,  since  each  eye 
sees  a  different  portion  of  the  field  of  vision,  while  it  is  a  matter 
of  observation  to  find  out  whicli  jwsition  of  the  field  of  vision 
belongs  to  each  one  of  the  double  imagts. 

This  form  of  indistinct  vision  is  generally  called  masked  double 
vision  (verl\aj>pt('s  Dnppeltwhen).  It  is  chanictcri/xid  by  the  fact 
that  each  eye  separately  sees  distinctly,  and  ilie  disturbance  occurs 
only  in  binocular  vision.  In  most  cases  of  ihi»  kind  the  diplopia, 
as  such,  may  be  brought  to  the  attention  of  the  |>atieul  by  placing 
in  front  of  one  eye  a  red  glass  and  using  as  a  fixation-object  the 
Ihunc  of  a  candle.  The  same  symptoms  can,  of  course,  occur  in 
all  the  ]>aralyses  of  the  ocular  muscles. 

A  very  curious  condition  is  presented  by  those  eases  in  which, 
on  account  of  dcfci'tive  vision  in  the  other  eye,  the  one  afiected 
with  paralysis  is  used  for  fixation.  Lut  us  suppose  again  a  case 
of  i^aralysis  of  the  aMucens  on  the  right  side,  but  with  defective 
v!sii>n  in  the  left  eye, — then,  for  the  reasons  set  forth  on  page  136, 
tlie  left  eye  will  experience  a  strong  seeondaiy  deviation.  The 
patient  presents  himself  to  us  with  strong  strabismus  (wnvcrgcns 
on  the  lefl  side,  with  free  movement  of  that  eye,  which,  at  first, 
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will  therefore  appear  to  be  the  affected  one.  Nevertheless,  a  criti- 
cal comparison  of  the  raovcmonts  of  the  two  eyes  ami  the  Itehavior 
of  the  double  images  (when  the  weak-sighted  eye  lias  sufficieut 
power  of  vision)  enables  one  to  locate  the  Beat  of  the  paralysis  on 
the  right  side. 

One  symptom  oociirring  witli  other  jmralysos  of  the  ocalar 
mtuKilt^  is  generally  very  marked  in  these  cases.  The  face  is 
turned  toward  the  side  of  the  paralyzed  musele,  partly  by  that 
position  to  compensate  for  the  loss  of  its  action,  and  partly  to 
move  the  tielj  of  single  vision  as  much  as  possible  to  the  front. 

Most  cases  of  paresis  of  the  abducens  may  bo  ascribed  to 
rheumatic  causes;  these  cases  are  often  precwlwl  by  rheumatic 
pains  in  the  head  on  the  side  afTected,  e^^pecially  in  the  temporal 
region  ;  or  tJicy  may  persist  aftrr  the  o(vum>ncc  of  the  paralysis. 

leas  frequent  cause  is  svphilis.     lu  many  cases  there  are  local 

li^es  in  the  orbit,  and  tinally  panilysis  of  the  abducens,  as  of 
the  ocular  muscles  in  general,  may  occur  as  a  symptom  of  cere- 
bral or  spinal  disease;  it  is  often  indeed  the  first  symjitora  of 
such  a  condition.  Some  ca--^^  are  rongenitjil,  or  tliey  develop 
without  any  known  cause  during  cliildlKMH]. 

The  prognosis  is  g^nprnlly  favorable  provided  the  ]>atipnt  be 
subjected  to  proper  treatment.  In  cases  which  rcH?ovcr  sftontane- 
ously  the  condition  generally  lasts  two  months.  The  secondary 
contraction  of  tlie  antagonistic  muscle  generally  disappeare  simul- 
taneously with  the  jKU-alynis ;  if  the  [Miralysis  docs  not  entirely 
rcftivcr,  tliere  is  more  probability  of  |K?rmanent  convergent  squint. 
In  such  cases  tlie  diplopia  does  not  generally  entirely  disappear, 
but  it  becomes  less  annoying. 

The  treatment  is  to  be  directed  principally  against  the  cause  of 

tlie  fiiscasc.     lihemuatie  paralyses  require,  in  the  first  place,  pro- 

'  lecnon  from  all  injurious  inHuences.     The  patient  sliould  remain 

a  warm  room;  should  avoid  changes  of  temperature,  keeping 

the  aflected  side  of  the  head  covered  with  cloths  or  wadding; 

Ldiaphorelics,  and  even  emetics,  are  recommended  in  the  earliest 

of  the  disease.      The  rheumatic  pains  in  the  temple,  or 

anywhere  in  the  affected  half  of  the  head,  which  are,  at  flrst, 

en  prt;*nt,  are  relieved   in  the  most  satisfactory  manner  by 
blmKl-lctting.      In  tlie  further  (course  of  the  dise:usc  deriva- 
tive remedies  arc  indicate<l, — vesications  on  the  neck,  painting  the 
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forehead  and  temple  with  tinctufc  of  iodine,  etc.  Electricity  also 
does  good  service  in  the  later  periods  of  tlie  disense,  anci  although 
the  electric  treatment,  on  account  of  the  deep  p«*itioQ  of  tlie 
muscle,  cannot  net  in  so  direct  a  manner  as  in  the  case  of  other 
miisilcs,  still,  some  part  of  Uie  electric  ctirrent  seems  to  be  able  to 
read  I  it. 

The  indications  suggested  by  the  presence  of  syphilitic,  cerebral, 
or  spinal  diisea.**e,  belong  in  the  province  of  special  pathology,  and 
need  not  here  be  discu^sed. 

To  relieve  the  annoyance  of  diplopia,  a  pair  of  spectadea  may 
be  worn  which  cnver  the  affected  eye  with  a  ground  glass.  The 
Mea  suggests  itself  of  uniting  the;  double  irnaf^es  by  means  of 
prisms,  but  it  is  seldom  practicable.  The  princii>al  reason  for 
this  is  that,  even  in  a  case  of  slight  pamlysis,  the  distance 
betweou  the  <louhle  images  is  too  great  to  admit  of  their  i>eing 
united  by  prisms  which  c^uld  be  worn  as  spectacles.  Prisms  of 
more  than  6°  or  7*^  cjxn  scarcely-  l>e  worn  for  this  purpose,  partly 
because  of  their  weight,  partly  because  of  their  chromatic  aberrar 
tion.  Even  if  both  eyes  were  provided  symmetrically  with  sucli 
prisms,  the  effect  would  be  that  of  a  prisn»  of  12°  or  14°,  which 
would  generally  be  insufficient. 

Another  essential  reason  against  their  use  is,  that  the  distance 
between  the  double  images  varies  greatly  with  every  change  in 
the  direction  of  vision.  If,  for  instance,  with  paresis  of  the 
aUliueiis  ou  the  right  side  theiv  be  single  vision  in  the  left  luilf 
of  the  visual  field,  while  during  vision  directed  in  the  median 
plane  diplopia  is  present,  which  could  be  corrected  by  a  prism  of 
12°  or  14°,  it  would  still  not  be  well  to  allow  such  prismatic  sikxs 
tacles  to  be  worn.  On  accoiuit  of  (lie  increased  distance  between 
the  images  in  the  right  half  of  the  field,  they  would  n(.t  be  suffi- 
cient to  unite  the  double  images  during  vision  in  this  direction; 
while  in  the  left  half  of  the  field,  where  there  was  normal  single 
vision,  the  prisms  would  provoke  crossed  double  images,  and  & 
compnBating  convergence  of  the  visual  axes.  Under  these  cir- 
cumstances a  secondary  contraction  of  the  antagonistic  muscle  is 
iDduce<l,and  the  development  of  stnibismus  convei^ns  is  favored. 

The  eorrctlion  of  the  diplopia  by  prisms  is,  then,  indic5»ted 
only  when  there  exists  secondary  eontmction  of  the  antagonistic 
muscle,  and,  as  a  consequence  of  that,  diplopia  throughout  the 
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entire  6eld  of  vision.  The  prisma  should  be  chosen  of  such  a 
strcnjrth  as  to  correct  only  that  part  of  t!ic  diplopia  which  Is  due 
to  tliifr  cuatmctiou  of  tlie  antu^ouist, — that  i?,  they  are  to  be  chosen 
with  reference  to  a  pf.isition  of  the  eyes  in  which  no  demand  is 
made  tipon  tlie  jKiralya'd  nuiwle.  Since,  however,  as  already 
remarked,  only  very  weak  prisms  can,  under  any  circumstances, 
tie  used,  it  follows  that  they  can  l)c  resorted  to  only  in  cases 
which  are  very  nearly  recovered.  Under  such  circumstanoes  the 
use  of  prismatic  spectacles  with  their  rcfmcting  angles  turned 
inward  is,  in  many  wises,  to  be  rtcotnmeniled,  l>ecaus(^  as  the 
region  of  single  binoeiilar  vision  is  increased  tlte  impulses  of 
innervation,  which  afll'ct  the  paralyzed  muscles  in  favor  of  bino# 
ular  single  vision,  inftreasp  also. 

A  similar  result — that  is,  the  exercise  of  the  paralyzed  muscles 
in  the  service  of  binocular  single  vision — may  Ix;  obtained  in  an- 
other manner.  The  |>atient  is  directed  to  look  at  an  object  held 
within  the  region  of  binocular  single  vision,  and  it  is  then  moved 
iowly  over  into  the  region  of  double  vision,  or,  what  hns  the 
TflBme  cOect,  the  object  remains  stationary  while  the  position  of 
tlie  head  is  changed. 

Convergent  squint  may  exceptionally  f(>llnw,  in  spite  of  com- 
I  plete  recovery  from  the  paralysis.  If,  in  such  cases,  both  eyes 
alike  in  reference  to  refraction  and  aculeness  of  vision,  stra- 
bismus convergens  alternans  generally  develops,  which  is  to  be 
relievcii  by  the  tenotomy  of  one  or  both  recti  iutcrui  muscles. 
But  convergent  squint  is  more  frequent  in  cases  of  inwmplelc 
recovery  from  the  i>aralysis.  Besides  the  tenotomy  of  the  rectus 
internus  it  may  be  necessary  to  bring  the  externus  forward. 

All  such  oi>eration9  should,  liowcvcr,  be  {x>stp<>ne<l  until  the 
paralysis  is  either  txjmplctcly  cured  or  has  Income  so  chronic 
that  no  improvement  is  to  be  expected.  Too  early  an  operation, 
although  Ut*  cflect  is  at  first  satiisfactory,  may  cause  a  deviation  iu 
the  o|)posite  direction  after  reatvery  from  the  paralysis  takes 
place. 

PARALYSIS   OF   THE   OCULO-MOTORIUB. 

Complete  paralysis  of  the  ociTlo-motorius  presents  a  very 
striking  picture.  The  upper  lid  droops  and  covers  the  cornea; 
the  external  <>anthus  is  generally  lower  than  on  the  other  side. 
If  we  raise  the  upper  lid  we  see  the  eye  generally  turned  outward. 
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and  it  can  be  only  partially  turned  inward, — scarcely  to  the  middle 

of  the  palpfhral  fisstm?.  There  is  no  ui>\vard  motion  whatever,  for 
both  muscles  acting  in  that  direction,  the  rectus  sujierior  and  ol>- 
li({uuB  inferior^  arc  paralyzed ;  the  downward  movement  is  ejected 
only  by  the  obliquus  superior,  and  is  therefore  incomplpte,  and  is 
accompanied,  esfiecially  when  the  cornea  is  turned  outward,  by  a 
perceptible  rotation,  which  causes  the  upper  end  of  the  \*crtical 
meridian  to  incline  inwnnl.  The  pupil  is  moderately  dilated  and 
act'omuKKlaiion  is  lost.  There  is  often  a  slight  protrusion  of  the 
eyeball  nnticeiible  (exophthalnius  paralyticus);  this  is  due  to  the 
dimiuishetl  elai^tic  tension  of  tlie  three  musciles,  innervated  by  the 
oculo-raotoriua,  and  which  draw  the  eyeball  backward. 

The  picture  of  a  complete  imralysis  of  the  oculo-motorius  is  so 
striking  that  it  seems  hardly  neoessar)'  to  confirm  the  diagnoeia 
by  the  test  of  double  imao;es ;  still,  in  cprt-iin  cases  it  may  \ye 
desirable  to  do  so.  We  will  suppose  again  a  paralysis  on  the 
right  side,  by  which  aLl  the  bmuches  of  the  oculo-motorius  are 
more  or  less  afleeted ;  then  will  there  l)e,  either  in  the  entire 
visual  field  or  when  vision  h  directed  to  the  lefl,  double  crossed 
images,  whoee  distance  from  each  other  increases  the  more  the 
object  fixed  is  moved  to  the  lef>.  Wlion  vision  is  direeted  ui>- 
ward  the  right  eye  falls  behind,  thu  croHHed  double  images  sepa- 
rate from  each  other  in  a  vertical  direction,  the  distance  between 
them  increasing  the  more  vision  is  directed  upward.  In  looking 
downwai-d,  also,  the  same  ditFerences  m  the  level  of  the  double 
images  will  appair,  only  the  relations  will  be  reverscnl,  and  the 
image  in  tlie  right  eye  will  apjiear  to  stand  the  lower. 

If  there  be  only  partial  paralysis  of  the  oculo-motorius,  affect- 
ing only  certain  muscles,  wlule  others  are  free,  the  diagnosis  may 
become  very  complicated,  especially  if  incomplete  paralysis  affect 
both  eyes  at  the  same  time.  On  the  other  hand,  the  diagnosis  is 
the  more  easily  arrived  at,  from  the  fact  that  tlie  levat<»r  pal[>ebrfe 
superiorls  is  seldom  unaflected,  and  its  condition  is  easily  recog- 
nised ;  the  iris  and  tJic  accommodation  are  often  simultaneously 
affected. 

Moreover,  every  limitation  'of  movement  upward,  if  it  depend 
npon  mus<'ular  paralysis,  must  l>e  referred  to  the  oculo-motorius, 
from  which  both  the  muscles  actiug  upward,  the  rectus  su|)erior 
and  obliquus  inferior,  are  innervated.     The  only  diagnostic  diffi- 
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oolty  is  in  connection  with  that  antagonistic  pair  of  muscles, — 
the  rectus  inferior  and  the  obliquus  aiiiwrior, — the  fii*st  being 
innervate<l  from  the  ocnlo-raotoriiis,  wliile  the  secoiitl  has  its  own 
nerve.  The  differential  diaguosis  between  the  paralyses  of  tliese 
two  nerves  will  be  discussed  under  the  head  of  "  paralysis  of  the 
troehlearis." 

The  inconveuienc«8  experienced  by  the  patients  are  diplopia 
and  paralysis  of  aecomraoilation,  except  when,  as  is  generally  the 
catie,  the  eye  \a  absolutely  excluded  from  the  visual  act  by  the 
drooping  of  the  lid  (ptosis). 

If  the  afiected  eye,  on  account  of  the  ptM»rness  of  the  other,  must 
be  used  for  fixation,  the  |)atieuts  are  in  a  very  uufortuuate  posi- 
tioD.  Not  only  the  strong  secondary  deviation  of  the  other  eye, 
which  we  have  mentioned  as  occurring  under  analogous  cotnlitiona 
in  paralysis  of  the  abduccus,  but  other  more  serious  dilhcultiea 
appear,  which  indeed  exist  and  are  evident  in  paralysis  of  the 
abducens,  but  are  there  less  auuoyiug. 

lu  all  paralyHes  of  the  ocular  muscles,  with  fixation  by  the 
aflfectCKl  oyc,  the  field  of  vision  is  falst^Iy  pnyectc*!  whenever  a 
demand  is  msule  u]K>n  the  action  of  the  |>aralyze<l  muscle.*  This  is 
most  easily  demonstrated  in  the  case  of  paralysis  of  the  alxlucens. 
The  |*atient  is  directt^  to  shut  the  healthy  eye,  and  then  to  fix 
with  tlic  other  eye  some  object  lying  on  the  same  side  with  the 
paralysed  muscle ;  he  is  then  directed  to  touch  quickly  w  ith  hia 
finger  the  object  fixed.  In  doing  so  he  will  project  his  hand  too 
liar  on  tlie  ]>aralyzed  side,  provided  he  do  not  make  the  move- 
ment  so  slowly  that  it  is  controlled  and  corrected  by  vision  instead 
of  the  orijrinal  impulse.  lu  order  to  give  the  eye  the  necessary 
.  position,  the  paralyzed  abduceus  must  receive  a  stronger  impulse 
of  iunervatiou,  which,  under  normal  (X)iiditions,  would  cause  much 
too  strong  a  coritnictiou  of  the  muscle.  This  gives  to  the  imtieofc 
the  imprcesion  that  he  is  directing  his  eye  farther  outward  than 
is  really  the  case,  and  a*x>ordingIy  he  displaces  his  entire  field  of 
vision  too  far  towanl  the  same  side. 

Although  this  false  projection  of  the  field  of  vision  is  easily  de- 
momitrable  in  paralj^ia  of  the  alxlucens,  still  it  seldom  causes  in- 
oonvenieuce,  even  when  the  affected  eye  has  to  be  used  for  fixation ; 


144 


PARALYSIS   OF   THK   CX;L'U»-MmX3RIUS. 


but  the  reverse  obtains  in  the  oase  of  jjaralvsi.-  of  the  (mulo-mntorioH 
on  uoconnt  of  the  number  of  inas(*lea  aflect«l.  The  field  of  vision 
is  in  ra|>i<l  suowssion  falsely  projected  in  various  diret'tions,  ac- 
cording to  the  changes  in  the  direction  of  vision ;  it  is  first  too 
far  on  one  side^  then  too  high,  then  too  low.  The  want  of  cor- 
respondence between  the  f*traiu  made  upon  the  ocular  muscles  and 
the  actual  movements  of  the  eye  thereby  accomplished,  causes  an 
impression  upon  the  patient  as  if  the  surrounding  objects  were  in 
motion ;  this  gives  him  the  sensation  of  dizziness,  ciiuseri  his  gait 
to  be  very  unsteady,  and  induces  total  loss  of  co-ordinatiou  in 
rapid  movements. 

In  reference  to  the  etiolog)',  Jt  should  be  noted  that  syphilis 
IB  a  relatively  frequent  cause  of  jwiralysis  of  the  oculo-motoriua. 
Asfde  fponi  this  it  may  be  caused,  as  may  paralyses  in  general, 
by  rheuiuatism,  diseases  of  the  central  nervous  system*  changes 
at  the  base  of  the  brain,  in  the  orbit,  etc. 

The  trratniont  is  in  the  first  place  to  l>e  directed  against  the 
cause;  for  instance,  syphilis.  In  other  respects  the  treatment 
reoommcnded  for  jmndysis  of  the  abduoens  is  applicalde. 

If,  after  recovery  from  paralysis,  strabismus  remain,  it  is  to 
be  relieved  by  tenotomy  of  the  rectus  externus,  and  if  there  be 
very  great  loss  of  motion  on  the  side  of  the  rectus  internus,  it 
may  be  necessarj'  simultaneously  to  bring  the  insertion  of  that 
muscle  forward.  The  question  of  treatment  is  more  complicated 
in  cases  where  the  upward  and  downward  movements  are  only 
partially  restored.  Only  where  the  vertical  deviation  of  the  eyes 
is  very  coiisiderahle  do  we  have  the  indication  for  bringing  for- 
ward the  insertion  of  the  rectus  inferior  or  su|K'rior.  Von  Graefe* 
recommended  that  slight  defw'tfi  of  vertical  motion  be  conii>en- 
eated  for  by  tenotomy  in  the  other  eye  of  the  muscle  acting  in  the 
same  direction,  l>e  it  the  rectus  inferior  or  suj>erior.  If,  for  in- 
stance, tJic  right  eye  squints  upward  and  has  but  limited  move- 
ment downwaril,  then  a  tcnoton)y  of  the  rec;tua  inferior  In  th(?  left 
eye  will  cause  that  to  turn  upward  and  limit  its  movement  down- 
ward. If  a  harmonious  action  of  the  ocular  mascOes  is  thus  par- 
tially, but  not  sufficiently  eatablishefl,  the  insertion  of  the  rectus 
superior  of  the  right  eye  may  be  set  backward. 
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The  objection  is  made  to  thin  procedure,  tliat  in  mo\'ement8 
either  upward  or  downwartl  one  rectus  rnuHcIe  always  acts  in 
connection  witli  one  obliquii!*,  "while  it  is  |io.ssilile  to  reach  only 
the  recti  muscles  by  a  roguhir  operation  ;  still,  exixrience  teaclics 
that  after  tenotomy  of  the  rectus  inferior  or  8U]>erior,  tlie  incon- 
veniences dejK^ndent  iipnn  the  action  of  the  corresponding  ohlicjuus 
soon  pass  away  under  the  influence  of  binocular  single  vision. 

PARALYSIS  OP  THE  TROCHLEARIS. 

Under  physiological  conditions  the  niui^culus  obliquns  superior 
and  the  rectiLs  inferior  always  act  together;  both  turn  the  eye 
downward,  acting  under  the  inlluence  of  the  will  aa  a  ningle  iinmele- 
If  now  the  action  of  the  ol)lifinu8  fail,  so  that  in  looking  down- 
wani  tlie  rectus  inferior  alone  a^tM,  tlien,  starting  from  a  position  in 
which  tlie  visual  axes  are  [Mirallel  to  the  nie<Iian  plane,  the  move- 
raent  will  not  Ix^  simply  downward,  but  at  the  wime  time  somewhat 
inward.  The  clFect  of  the  rectus  inferior  in  moving  the  a)mea 
downward  is  greatest  when  tlie  mu?cle  is  neniv'^t  to  lyit»g  in  the 
piano  of  the  meridian  of  its  insertion,  and  this  is  the  case  when 
vision  is  directed  ontward,  thus  bringing  the  line  of  vision  and  a 
line  connecting  the  origin  and  insertinn  of  t)ie  muscle  into  the 
same  vertical  plane.  The  more,  on  the  wintmry,  tlie  eye  turns 
inward,  tlie  greater  the  angle  between  the  line  of  vision  and  the 
direction  of  the  traction  of  tfie  mui^cle.  Only  a  part  of  the  force 
of  the  muscle  can  then  be  expLmled  in  turning  the  cornt^  down- 
ward ;  the  other  part  acts  to  revolve  Uie  eye  about  the  axis  of 
vision.  If  in  paralysis  of  the  trorhlearis  the  rectus  inferior  lias 
toiift  alone  in  diivcting  vision  downward,  then  the  defect  in  down- 
ward movement  will  Ijc  lea.st  in  lonlcing  downward  and  4)utward, 
and  greatest  when  looking  downward  and  inward. 

In  paralysis  of  the  obliquus  suiH-rior,  ni>t  only  is  tlie  muscniar 
force  which  rotates  the  eye  downward  diminished,  but  we  must 
take  into  consideration  the  elastic  resistance  whii-h  the  antagonistic 

DUp  of  muscles  opposes  to  this  rotation.     There  is,  of  course,  no 

nngein  the  antagonistic  relations  between  the  rectus  inferi<>rand 
superior,  but  the  |>aralyzwl  trochlearis  no  longer  c<jnntcrlMiIan<«s 
tlie  obliquus  inferior.  The  elTeet  of  this  is  ditJ'erent  in  (lie  dif- 
ferent dii*eetions  of  vision.  When  vision  is  directed  inward,  tiie 
curve  by  which  the  two  obliqui  muscles  embrace  the  posterior 
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part  of  the  eyeball  very  nearly  approaches  the  form  of  a  part  of  a 
great  circle.  It  is  then  in  this  [Kjsitiou  that  the  elastic  resistance 
of  the  obliquus  inferior  acta  niosf  strongly  to  prevent  downward 
vision.  The  direction  of  the  obliquus  inferior  does  not,  however, 
lie  exactly  in  the  plane  of  a  great  circle ;  it  therefore  not  only 
opposes  the  downward  rotation,  hut  .siniaUancously  caui^es  a  rota- 
tion of  the  eye  about  the  axis  of  vision,  by  which  the  vertical 
meridian  is  abiiorniiilly  inclinwl  ontwanl.  This  revolution  is  the 
greater  the  further  vision  is  (liri'cted  toward  the  t<Mn|K)ral  side. 
But  even  when  vision  m  directed  toward  tlie  median  plane  this 
pathological  inclination  of  the  meridian  pereiHts,  sin<:e  in  this 
position  of  the  eye  t!ic  recta's  inferior  oouti'ibutcs  la  causing  tliis 
eame  rotation  about  the  axis  of  vision. 

For  the  objective  recognition  of  the  jMitlioIogienl  condition  it  is 
tmjH)rtaiit  to  notice  that  the  eye  uffcctotl  falls  bcliind  wlien  vision 
is  direct«l  down^vard.  Since  in  the  median  direction  of  the  lines 
of  vision  tiie  rectus  inferior  acts  learnt  arid  the  tnK'hlc^iris  most  on 
the  downward  movement  of  the  fornen,  it  follows  that  the  c<mse- 
qncnce  of,  for  instance,  a  paralysis*  of  the  obliquus  superior  of  the 
right  eye  \rill  he  that  an  object  lying  to  the  left  and  downward 
can  be  properly  fixed  only  by  the  left  eye,  while  tlie  right  eye  falls 
behind  in  tlie  movement,  ami  its  cornea,  relatively  to  the  fixed 
object,  stands  too  high.  Often,  however,  with  incomplete  (laral- 
ysis  of  the  trochlearis,  the  defect  in  movement  is  so  slij^ht  tfiat  it 
is  not  CAsy  ttt  recognize  it.  U|H)n  caiLsing  the  [>aticnt  to  dirwt  his 
two  eyes  alternately  downward  and  inward,  it  will  be  seen  that 
when  the  atfocted  eye  is  uswl  for  fixation  the  healthy  eye,  for  the 
reason  ah*eady  explained,  sutferH  an  associatetl  deviation  down- 
ward. 

By  rctuson  of  the  relations  ju.«t  statc<l,  diplopia  appears  as  fol- 
lo\vs.  In  the  upjH'r  half  of  the  field  there  is  single  vision.  XJ|m>u 
Jooking  downward,  homonymous  double  images  appear,  which  at 
the  same  time  aiv  jirojected  at  different  levels.  M'^c  will  suppose 
a  ca'^'  of  paralysis  of  the  troclilearis  on  the  right  side,  then  will 
tlie  image  of  the  ri^ht  eye  stand  the  lower,  and  the  distance  be- 
tween the  images  will  increase  on  looking  to  the  left,  while  it  will 
decrease  on  looking  to  the  right.  At  the  same  time  it  is  noticed 
that  the  uppi'r  en<l;>  of  the  imagt^'S  incline  toward  each  other.  It 
generally  uppcart*  to  the  patieut  as  if  the  lower  image  were  the 
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nearer.  This  is  an  error  in  judging  of  distance,  which  certainly 
is  not  to  he  wondered  at,  since  it^  proper  estimation  depends  essen- 
tially on  binocular  single  vision.  It  is  not  in  paralysis  of  the 
trochlcaria  alone  that  the  lower  image  appears  the  nearer, — the 
same  thing  occurs  almost  invariably  in  all  forms  of  diplo|i)a  in 
which  the  images  are  on  different  levels.  Foreter*  tirst  explained 
this  optical  illusion  as  follows.  When  several  objects  lie  at  dif- 
ferent distanoeti  but  in  the  same  horizontal  plane,  the  images 
from  the  n«ircr  objects  are  cast  upon  the  upper  part  of  the  retina. 
This  develops  the  habit  of  referring  images  in  the  upper  part  of 
the  retina  to  relatively  near  objects. 

The  most  important  diugnostic  points  are,  that  the  diplopia 
occurs  only  in  tiie  lower  half  of  the  field,  and  that  the  images  sepa- 
rate more  and  more  in  a  vertical  direction  as  vision  is  directed 
toward  the  median  plane.  In  wime  <'«ses  the  images  niay  not  be 
homonymous,  but  slightly  crossed.  This  is  due  to  a  pre-existing 
elastic  preponderance  of  the  recti  exterm  muBt;les,  which,  however, 
in  tlie  Interest  of  binocular  single  vision,  is  overcome  by  a  stronger 
tension  of  tlie  intcrni.  JS  under  tliese  circumstances  diplopia 
occur,  the  stimulus  to  a  strong  iuncrvatiou  of  the  intern!  muscles 
fails,  and  the  clastic  prcpt>ndcrancc  of  the  extcrni  muscles  asserts 
itself.  The  disturbances  consist  principally  in  diplopia  when 
looking  downward.  This  is  especially  annoying  when  going  up- 
ftairs. 

Finally,  we  must  consider  the  differential  diagnosis  between 
paralysis  of  the  obliquus  snperior  and  of  the  rectus  inferior.  In 
the  oa£<*  of  the  last,  downward  movement  is  limited,  and  there  is 
diplopia  in  the  lower  part  of  the  visual  field,  the  images  showing 
a  lateral  deviation  and  a  difference  of  height.  But  the  images  are 
croHscil,  because,  since  the  downward  movement  is  now  effected 
by  the  trochlearis  alone,  the  cornea  Is  at  the  same  time  directed 
outward.  The  difference  in  the  level  of  the  images  incrcasts  as 
the  affected  eye  moves  outward.  Moreover,  the  imagea  are  in- 
clined in  the  opposite  direction,  being  wider  from  each  other  at 
the  top.  *  % 

The  etiology  and  treatment  are  the  same  as  in  the  other  ocular 
pAialyses. 


*  VerliandluDgvn  der  Brenlttuer  medicin.  Section,  1860-4}O. 
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SPASM   OF  THE   OCULAR   MUSCLES. 

Spasm  of  the  ocular  muscles  occurs  frequently  as  a  symptom  of 
cerebral  disease.  It  cannot  be  doubted  that  a  similar  condition 
may  also  occur  idiopathically.  Observations  on  this  subject  have, 
however,  been  few  and  not  decisive.  At  all  events,  it  may  be 
affirmed  that,  if  spasm  of  the  ocular  muscles  occurs  at  all  as  an 
idiopathic  disease,  it  is  only  very  exceptionally. 


STRABISMUS. 


Strabismus,  in  the  most  general  sense  of  the  word,  exists  when- 
ever the  visual  axes  do  not  intersect  at  tiie  point  fixed,  or  in  nthor 
words,  whenever  the  point  fixed  casts  its  image  upon  the  macula 
Intta  of  only  one  eye,  wliile  in  llie  other  it  falls  upon  »ome  exren- 
tric  part  of  the  retina.  We  have  seen,  in  the  preceding  chapter, 
that  this  condition  occurs  as  a  constant  symptom  of  paralysis  of 
the  ocular  muscles,  and  we  have  frequently  used  the  expression 
"paralytic  squint." 

It  follows,  from  the  law  of  the  symmetrical  innc^^'ation  of  both 
eyes,  that  in  paral>'tic  squint  the  degree  of  (leviatio!i  varies  grwitly 
in  the  difierent  positions  of  the  eye.*;.  It  is  greatest  in  that  posi- 
tion where  tlie  greatest  demand  is  made  upon  the  jMinilyzcd  muscle. 
Another  consequence  of  the  same  law  is  ti»e  strong  secondary 
deviation  which  aSccts  the  healthy  eye,  M'henever  the  affected  eye 
is  used  for  fixation  in  a  direetitm  in  which  a  demand  is  made  upon 
the  paralyzetl  muscle. 

From  the  same  law  of  symmetrical  innervation  of  the  two  eyes, 
it  follows  that  in  typical  so-called  coucomitant  squint  tlie  move- 
ments of  the  squinting  eye  accompany  those  of  the  normal  one, 
and  that  upon  using  the  affected  eye  for  fixation  the  associated 
deviation  of  the  eye  generally  used  for  fixation  is  equal  to  the 
usual  <lcviation  of  the  squinting  eye.  The  exceptions  to  this 
rule,  due  to  special  circumstances^  will  be  considered  later.  In 
general,  the  principle  just  statotl  is  sufficient  to  difctiuguii-h  the 
paralytic  from  the  typical  s^juiut. 


8TRAIJ1SMU8  CONVKRGEN8. 

Donders  lias  shown  that  in  the  great  majority  of  cases  strabis- 
mus ctuivergens  exists  in  connection  with  hy|«Tnictro])ia.  The 
hypcrmetropia  is  often  manifest;  but  even  when  convex  glasses  d« 
not  improve  distant  vision,  even  when  the  patients  affirm  that 
they  do  not  see  at  a  distance  as  well  with  weak  convex  glasses  as 
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with  the  nnktxl  eye,  hy|x»rnietropift  i?  not  absolutely  excluded. 
Fretjuently  tliere  is  ag.sKxn&uA  with  strubistnus  convergen.s,  a  high 
degree  of  latent  tensioQ  of  accomraodatiotj,  which  yields  only  slowly 
undiT  the  energetic  uhc  of  atropine.  Dondere*  investigationfs  also 
showed  that  not  the  highest  degrees  of  hyjiertoettrjpia  ufleuest 
induce  strabismus,  but  rather  tlie  medium  and  slight  degrees. 

The  physiological  ground  for  the  relation  between  hypemietropia 
and  strabisniup  oonvergens  lies  in  the  very  nature  of  this  anomaly 
of  refraction.  It  is  known  that  for  distinct  vision  hypermetropic 
eyes  require  a  relatively  strong  tension  of  accommodation.  It  is 
further  known  that  a  physiological  connection  exists  between  the 
movement  of  convergence  and  accommodation, — that  is,  that  with 
the  ina-ease  of  convergence  the  relative  range  of  accommodation 
approaclics  the  eye.  It  is  accoi-dingly  easy  to  understand  why, -in 
order  to  bring  the  relative  range  of  aoctimmndation  ntarer  to  the 
eye,  hypermptro|>e.s  should  converge  too  strongly.  While  they  are 
oftt^n  comjwllttl  in  ne^r  vision  to  exhaust  their  available  power  of 
acoomnit^iationj  and  to  work  with  the  relative  near  point,  tliey 
gain  by  a  relatively  too  strong  convergence  the  advantage  of 
bringing  the  entire  range  of  at^cornmodatinn  nearer  the  eye.  They 
do  not  then  need,  when  working,  to  employ  their  entire  available 
accommodation,  but  only  a  tJmall  part  of  it:  they  work  with  a 
relatively  small  tension  of  accommodation.  Tf  then  hyperme- 
tivipia,  from  its  very  nature,  mn  iiidme  the  habit  of  associating 
each  action  of  accomlu oblation  with  a  relatively  Uw  stmng  con- 
vergence i)f  the  visual  axes,  the  question  arises,  why  all  hy|>erme- 
tro[)es  do  not  squint.  It  is  plain  that  the  advantage  just  refcrriHl 
to,  of  working  with  a  relatively  slight  tension  of  accommodation, 
i»  purchased  at  the  expense  of  binocular  vision.  Under  what 
circumstances  now  will  the  necessity  for  sparing  accomiiHxlation 
piTvail,  and  when  will  binmnilar  single  vision  prevail?  ]n  the 
first  place,  there  will  be  but  slight  cause  for  sacriticiug  binocular 
vision  when,  in  spite  of  relatively  tfio  strong  convergence,  no  dis- 
tinct retinal  images  are  obtttine<l,  as  is  the  case  in  the  highest 
(legwes  of  hyperiuetropia.  In  the  medium  and  lower  grades  of 
hy|)ennetropia  there  will  exist  the  in<'lination  to  exchange  binocu- 
lar single  vision  for  a  convenient  infmocular  fixation  when  any 
cause  whatever  makes  binocular  fixation  less  valuable.  As  such 
eiuses,  dirterences  iu  refraction,  or  in  the  acuity  of  vision  of  the 
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two  eyes,  is  fii-st  to  be  uaiiied.  It  was  explaine<1  on  pa^  74  that 
where  there  is  difference  of  refraction  a  ilistinct  retinal  image  is 
formed  in  only  one  eyt.  The  same  is  the  OLse  in  UKtigniatism, 
cxirneal  opacities,  etc.^  affecting  only  one  eide.  But,  even  with 
fanltlcss  retinal  images,  differences  in  the  acuteness  of  vision  will 
exert  tlie  same  eflect  upon  binocular  vision.  In  this  ciMinection 
is  especially  to  be  remembered  that  form  of  amblyopia  congenita 
which  occurs  {)ftcner  asri(K;iatcd  with  hypennetropia  than  with  any 
other  condition  of  refraction.  li'  tlicre  Ix?  in  both  eye**  faultless 
and  distinctly  perceived  retinal  images,  the  incentive  to  unite 
them  binocularly  is  much  greater  tlian  when  there  is  an  ill-defined 
or  indistinctly  perceived  retinal  image  in  one  eye  and  a  clear 
retinal  image  and  Ijotter  vision  in  the  other. 

Although  these  causes  for  c<mvergciit  squint,  as  [lointwl  out  by 
rVmders,  often  enough  exist,  still,  it  must  be  rcnicmhered  that 
they  alone  do  not  necessarily  induce  it.  We  frequently  see  cases 
of  bilateral  ii)'permetropia  with  consitlerable  ditJcreuees  in  refrac- 
tion or  in  vision,  or  in  both,  without  there  being  any  squint,  and 
with  the  persistence  of  the  normal  biuot^-ular  visual  act. 

Other  favoring  circumstances  must  contribute  to  the  <Ieve]op- 
ment  of  stnibismus  (H^invcrgens.  Perhai>s  it  is  in  this  res|>e<jt 
not  without  influence,  tljut,  awording  to  my  observations  at  leas^ 
in  a  very  considerable  number  of  these  cases  even  the  non-squint- 
ing eye  does  not  possess  full  stiarjmess  of  vision ;  this  induces  the 
ellijrt  to  get  as  large  retinal  imnj^t's  as  possil>le  by  approaching 
very  near  the  object,  which   in  turn  demands  strong  tension  of 

imni'Klation,  and  incresiscs  the  tendency  t^i  i^onvcrgt^iu-i^  of  ttie 
nsual  axcti.  All  intlucnces  which  diminish  even  Leinpomrily  the 
strength  of  the  muscle  of  accommodation  tend  in  the  same  diretv 
tion.  Contraction  of  the  range  of  aceonmiodatioii  may,  not  only 
with  hypermetropia  but  even  with  emmetropia,  become  a  cause 
for  strabismus  convergens  in  young  persons.* 

There  are  still  other  csiusii-*  which  lavor  convergence,  or  which 
remler  it  difficult  to  maintJiin  ])anillflism  of  the  visiml  axes.  In 
tliis  connection  Dondersf  has  shown  that  the  deviation  of  the  Hue 
of  vision  from  the  centre  of  the  cornea  is  not  only  generally  greater 


*  l^ondcra,  Het  tit!njari<;  1>e«taKn,  etc.,  pag,  11&. 
f  Arch.  f.  Optb.,  B.  ix.  I,  pag.  121. 
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in  bj'peTnietropia  thmi  in  eninietropia,  but  is  greater  in  hyiKrme- 
tropia  complicuted  with  strubisnitiH  cotivergens  than  in  tbe  same 
dt^ree  of  h_vperraetro|>ia  not  «o  oomplioatc*d.  The  more  the  line 
of  vision  deviates  inwiird,  tlie  more  the  rarnea  must  diverge  when 
the  lines  oi'  vision  are  parallel,  and  we  have  seen  (p.  124)  dmt  the 
apparent  stral)isnms  divergens  of  by i)erme tropes  is  explained  by 
this  divergent  ]X)3itton  of  tlie  cornea.  A  greater  demand  is  made 
upon  the  recti  cxterni  in  maintaininp  parallelism  of  the  visnial 
axe3  witli  hypernietropia  than  with  either  cmmetropia  or  myopia. 
This  is  the  reason  fur  the  fact  mentioned  on  page  131,  that  in 
hypermetropia  only  a  sliylit  dcgrLt;  of  divergence  of  the  vismil 
axes  can  l)e  prwhiced  by  prisms.  In  this  condition  of  refrartion 
the  recti  externi  muscles  are  all  the  time  taxctl  nearly  to  the  limit 
of  their  eaiwcity.  The  subject  may  be  tlius  formulated:  the  great 
deviation  of  the  lines  of  vision  from  the  corneal  centres,  in  hyper- 
metropia,  causes  a  relative  insufficiency  of  the  recti  extenii,  which 
fa%*or5  the  occurrence  of  stmbistnus  oonvri^ens. 

It  is  certain  also  that  in  many  cases  the  relaiionH  of  muscular 
elasticity  induce  the  occurrence  of  strabismus.  This  is  seen  most 
plainly  in  casey  of  one-sided  blindness,  FrcMjucntly  the  blind  eye 
Qininlnins,  at  least  at  first,  its  normal  position,  the  muscles  re- 
mainin],:  in  equilibrium  without  the  itgulating  influence  of  binoc- 
ular single  vision.  If  squint  develop,  it  is  generally  strabismus 
divergens;  tlie  reasons  for  this  will  be  explained  biter.  But  cases 
do  occur  in  whic:h  the  blind  eye  acquires  a  jjatlHilogicsil  conver- 
gence, which  indicates  a  pre-existing  preponderance  of  the  recti 
interni  muscles.  An  elastic  preponderance  of  the  recti  intern!,  or 
what  amounts  to  the  same  tilings  an  insntTiciency  of  the  recti  externi, 
may  be  overcome  just  as  may  the  hypermetropia  in  the  service  of 
binocular  single  vision  ;  but  tins  will  be  the  more  difficult  when 
both  cjiuses  act  together,  and  the  strong  tension  of  the  interni 
may  induce  strabismus  eonvergicns  when  acting  siumltaneously 
with  causes  which  lessen  the  value  of  binocular  vision.  In  this 
way  strabi:*mus  convergens  may  occur  as  well  with  cmmetropia  us 
witli  myopia.  Cases  in  which  strabismus  convergens  remains  after 
paralysis  of  the  aMucens  l)elong  to  this  class. 

It  is  finally  to  be  mentioned  that  irritation  of  the  sensitive  oc- 
ular nerves  may  cause  reflex,  ])athologi«d  contraction  of  the  recti 
interni.     I  observed  this  unmistakably  in  the  case  of  a  child  two 
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years  old,  whom  I  treat«l  with  nitrate  of  silver  for  purulent 
conjunctivitis.  After  each  a]H)li<'jUion  to  the  ronjiinetiva  there 
occurred  a  strong  converging  squiut,  which  (Jisai>|»carL'*I  sponta- 
ncotifily  after  a  few  hours.  Tliis  reflex  eontraction  of  the  recti 
interni  may  explain  wmie  of  the  ca.^es  in  which  mirnej*!  opnritics 
exi^t  in  connoition  with  strabismus  convergens.  On  tliu (tno  Iiund 
the  inflamraatory  process,  which  leaves  tJie  opacity  Iwhind  it,  may 
by  reflex  irritation  have  induced  ll»e  strubistnus  c<)nver^jn»;  on 
the  rtther  hand,  however,  the  diminution  of  vision,  causid  by  the 
ojmcitiefi,  acting  with  other  favoring  causes,  such  aa  Iiy(>ermetropia 
or  preponderance  of  the  recti  interni,  is  sufficient  to  produce  the 
strahismu.^. 

In  most  cases  strabismus  couvergens  develops  in  early  child- 
hood, between  the  ages  of  iwo^and  seven  years.  It  is  [wtssible 
that  it  tK-curs  congenitally.  There  is  no  doubt  that  the  conditions 
inducing  hypermetropia  and  abnnrtnal  relations  of  elasticity  in 
the  otrular  ninsck'S  arc  ht'reditary. 

After  the  |>eriod  of  childhoiKl  has  passe<l,  strabismus  wmvergcns 
very  seldom  ow-urs.  It  nniy  happen  in  connection  with  myopia. 
Myopia  generally  causes  strabismus  divergens;  still,  it  may  some- 
times hapi»en,  even  in  high  degrees  of  myopia,  that  the  lines  of 
vision  «in  Iw  profH-rly  ronvei^d  for  near  vision,  and  can  l>e  held 
in  tliat  position  without  straining.  This  may  be  due  to  a  more 
favorable  change  of  form,  or  to  a  congenital  or  acquired  prepon- 
derance of  the  interni  recti  muscles.  This  happens  mostly  at  the 
expense  of  movement  outward,  which  is  always  more  or  less  lim- 
ited. This  limitation  may  become  such  that  it  is  impossible  to 
give  the  visual  Hues  a  parallel  |Ktsition  for  distant  vision.  Con- 
vergent squint  then  exists.  Aopording  to  Von  Graefe,  the  occur- 
rence of  this  form  of  strabismus  convcrgeus,  in  the  middle  gradt-s 
of  myopia  (i  to-j^),  is  favore<l  by  ccmtinuouH  work  witli  strong  con- 
vergence of  the  visual  axes.  Under  these  circumstances  there  is 
develoiK'd  a  preponderance  of  the  recti  interni,  which  Hiially  cannot 
be  relaxe<l  sufficiently  to  admit  of  parallelism  of  tlic  visual  axes.* 

Strabismus  convergens,  as  a  consequence  of  paralysis  of  the 
abduceus,  may  occur  at  any  time  of  lite,  the  paralytic  strabismus 


*  Comp.  Dondcn,  Arch.  f.  Opbtb.,  B.  ix.  1,  pag.  142,  and  V.  Graefe,  Arch. 
t  Ophth.,  B.  K.  I,  pag.^. 
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gradually,  (lurinji;  recovery  from  the  paralysis,  passing  into  con- 
ooinitant  strabiciinus.  Diplopia  la  gcncmlly  present  in  all  aines 
of  strabiftiuufi  convergens  which  develop  later  than  ohiKUiood. 

The  most  frefpicnt  form  of  strabismns  coiivergens  is  the  statiou- 
ary  niunolateral  wiuint.  One  and  the  amne  eye  in  always  used  for 
fixation,  while  the  other  reniainn  tnrned  inw'ani. 

We  have  before  said  tliat  in  general  tlic  angle  between  the 
visual  axis  of  the  squinting  eye  and  its  normal  direetion  remains 
constant  as  well  lUiring  associated  niovenionl-s  as  during  the  sec- 
ondary squint,  whioh  affectH  the  ev-e  usually  employed  for  fixation 
when  the  other  is  so  employed.  This  rule  must  not  be  regarded, 
as  {iil)solute;  for  aside  from  efrtuin  fluctuatiourf  which  it  exhibits" 
in  the  same  individual  within  short  periods  of  time,  it  generally 
increases  during  fixation  of  n«»r  objerts  and  when  the  .'Kjuiniing 
eye  is  turnwl  outward.  The  mobility  of  the  eyes  does  nut  by  any 
means  remain  unchanged  in  strabismus  convergens;  as  a  rule,  ttie 
movement  outward  is  less  and  that  inwani  greater  than  imrmnl. 
This  llmitiition  of  movement  may  be  divided  symmetrically  be- 
tween the  two  eyes,  but  oftener  the  lateral  movement  of  the  squint- 
ing eye  is  ncfticcably  less  than  that  of  the  eye  used  for  fixation; 
thi.s  clauses  an  increase  of  the  squinting  angle  when  looking  toward 
the  side  of  the  scuiinting  eye. 

Otiten,  to»>,  the  associated  <Ieviation  (X'curnug  upon  change  of 
fixation  is  observeil  to  be  stronger  than  the  primary  squint.  Par- 
ticularly if  there  be  hypcrnietropia  on  both  sides,  but  with  dltrcr- 
enee  in  refrai'tion,  the  squinting  angle  is  always  greater  when  the 
eye  witli  tlie  higher  degree  of  hypermetropia  is  used  for  fixation 
than  when  the  other  is  useti.  The  stronger  tension  of  at^-om- 
modatiou  widcli  the  more  hypermetropic  eye  requires,  causes 
iujmediately  nn  increase  of  convergence.  This  symptom  is  so 
characteristic  that  one  may  diagnose  from  it,  both  the  existeuce 
of  different  refraction  in  the  two  eyes  and  which  eye  is  the  more 
hypcnnetropic,  even  when  the  hypermetropia  Is  latent  in  Ijoth 
eyes. 

Alternating  strabismus  oonvcrgcus  is  comparatively  rare.  Even 
when  vision  Is  so  gofxl  in  both  eyes  that  either  may  be  used  for 
fixation,  the  eyes  are  but  seldom  used  alternately.  tSlight  difler- 
ences  in  the  acuity  of  vision  generally  determine  the  Imbitual  use 
of  one  particular  eye. 
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Periodic  strabismus  convergcns  is  a  special  form  which  deserves 
mention.  Most  casts  of  squint  are  not  pormanent  from  the  bc- 
giimiugj  but  become  so  after  a  short  lime.  For  thin  reason  only 
those  coses  are  called  periodic  squint  in  which  during  a  long 
period  the  squintini;  appe:irs  only  occu-sioiially.  These  arc  gener- 
ally cases  of  accommodative  squint  dependent  on  hypernietropia. 
When  the  eyes  are  not  fixed  on  some  object  there  is  either  no 
ap[Kirent  or  only  a  sli^lit  converjjeuee ;  it  becomes  considerable, 
however,  when  the  effort  of  ucoommodation  is  made  in  ontcr  to 
see  distinctly  a  near  or  far  object. 

I  have  observed  in  einnietn»pic  eyes  another  form  of  |KTi4>{iic 
squint,  dependent  upon  an  elastic  pre]>ondernncc  of  the  interni. 
Convergence  occurs  immcHliately  whenever  binocular  single  vision 
is  interrupted  by  prisms  n'fractin^  vertically,  ami  it  remains  a 
short  time  ailer  removal  of  the  prisms.  .S<pnnting  followed  spt^n- 
taneously,  generally  under  the  infliiince  of  some  slight  distiirtmncc 
of  the  general  condition,  and  was  ronnected  with  diplopia. 

The  degree  of  strabisnms  can  be  detcrmineil  exactly  only  by 
ophthalmometrio  mca-suremcnt,  but  for  the  purposes  of  practice  an 
approximative  estimate  is  sufficient. 

A^^trding  to  Von  Gniefe,*  the  ]>atleiit  is  directecl  to  fix  an 
object  lying  in  the  median  pluiic  and  at  a  level  with  the  eye;  u 
mtirk  is  then  made  on  the  under  Hil  nf  ttmt  eye  exactly  lielow 
the  ccnirc  of  the  cornea.  Then  the  syrametrical  point  under  the 
second  squinting  eye  is  determined,  as  well  as  the  point  u^mn  the 
lid  lying  directly  under  the  centre  of  the  deviating  cornen.  The 
distance  between  these  two  la*t-named  jioints  gives  the  linear 
measure  of  the  deviation  in  this  position.  An  accurate  marking 
of  the  lid  is  in  practice  ini|>nsHible,  on  account  of  the  movement 
caused  whenever  the  lid  is  toncliwl,  and  the  diftiruUy  in  applying 
tany  ink  or  coloring-matter  to  a  surface  aivered  with  such  nily 

crctions-  One  must  content  himself  with  merely  noting  the 
point  in  question  on  the  first  lid,  and  ccmipare  it  with  the  sym- 
metrical point  on  the  second  eye ;  in  fact,  it  amounts  to  a  super- 
ficial estiiualion  of  the  linear  deviation. 

A  somewhat  more  exact  result  is  obtsiined  when  this  mcasure- 

it  is  made  by  the  help  of  a  scale,  used  in  the  following  manner. 
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The  eye  generally  used  for  fixation  is  covered,  and  an  object  is 
fixed  with  the  squinting  eye;  a  scale  divided  into  millimetres  is 
then  held  immediately  mider  the  eilgc  uf  the  lid,  and  it  is  noted 
what  division  of  the  scale  comes  immediately  under  the  centre  of 
the  pu[iil ;  the  other  eye  is  then  uncovered,  and  tlic  first  allowed 
to  resume  its  onlinary  s^jiiiniing  jiosition,  and  it  is  then  again 
noted  what  division  is  exactly  under  the  middle  of  the  pupil ;  in 
this  way  the  linear  nuM-sure  of  the  deviation  is  found.  The  sec- 
ondary deviation  of  the  otlier  eye  is,  of  course,  found  in  the  same 
manner.  If,  in  consequence  of  poor  vision,  the  squinting  eye 
caunot  be  stejidily  fixed,  the  j^raduated  sc«le  may  la*  held  in  such 
a  way  that  its  end  is  exactly  under  the  puiictum  laehryiiiidis,  and 
while  fixation  remains  uneliangtHl,  the  distant^  Ix'twcen  that  point 
and  the  centre  of  the  pHpil  is  deterniiiied,  first  for  the  normal  and 
tlien  for  the  squinting  eye.  The  difierence  between  these  two 
measurements  is  the  linear  deviation.  Instead  of  the  ordinary 
millimetre  measure,  one  may  use  a  scale  made  of  ivory,  of  a 
shaj)e  to  fit  the  lower  lid,  and  provided  with  ii  handle.  The  scale 
is  80  graduated  on  its  (rw-  edge  that  0  is  at  the  middle,  and  the 
millimetres  are  counted  from  that  point  in  both  diiHsctions.*  An- 
other "  str:diometer"t  consists  of  two  small  scales,  one  for  each 
<^e,  fitting  closely  to  the  under  lid,  each  providetl  with  :i  movable 
indicator,  and  both  fastened  on  the  same  handle.  By  means  of 
a  screw  the  inilirators  nmy  he  adjusted  on  either  side  to  the  point 
exactly  under  the  centre  of  the  pupil. 

It  is  advisable  in  every  case  to  make  this  measurement,  even 
though  it  cannot  be  done  with  strict  accniracy.  It  is  to  be  re- 
memlwred  tliat  for  the  puri>ose-s  of  operative  treatment  the  exact 
measurement  of  the  deviation  is  nut  so  important  ns  was  formerly 
thought. 

Often  the  squintiug  eye  turns  upward  i\s  well  tm  inward;  in 

Lsuch  a  case,  upon  changing  fixation  the  eye  genendly  used  turns 
usually  upwar<l,  seldom  downward.  Where  there  is  vertical 
deviation  it  generally  persists  after  elmnge  of  fixation.  I  iiave 
often  observed  a  rotation  of  tlie  eye  in  connection  with  these  dif- 
fci"eucea  in   level;   generally,  simultaneously  with  the  deviation 


*  Laurenw,  The  Optical  Defects  of  the  fiye. 

t  Kduard  Meyer,  Dti  StrKbismc  ct  de  U  StrntKitomie,  ParU,  1863. 
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Upward  there  i»;  an  inolination  outward  of  the  vertical  mcriillnn, 
aii<l  invcrsoly,  U|K)n  rotiirning  to  fixation,  it  inclines  inward.  Gen- 
erally Uie  other  eve  rolls  in  a  corresponding  nuinncr,  that  is,  the 
meridians  of  t}oth  eyes  incline  simnltaneuusly  either  to  the  right 
or  to  the  left,  but  they  do  not  always  slaml  at  the  sime  level. 

Typical  concomitant  squint  is  very  seldom  accompanied  by 
diplopia.  So  long  as  the  theory  of  an  anatomiuilly  preformed 
and  uniformly  acting  symniotrical  correspondence  of  the  retime 
was  eiit<Ttained,  thi.**  fact  could  be  explained  only  upon  one  of 
two  assumptions, — either  that  in  consequence  of  asymmetry  of  the 
retime,  in  spite  of  the  strabismus,  a  binocular  union  of  the  two 
Gehh  of  vision  takef^  place,  or  that  the  retinal  image  in  the  sipiint- 
ing  eye  is  exoUidetl  fi*om  perception  by  some  psychical  ]>rocess,  or, 
as  is  generally  said,  "is  suppresscfl."  Now,  there  cannot  \)e  an 
asymmetry  of  the  retime  in  the  sense  above  indicated;  if  there 
were,  diplopia  would  always  oct:ur  when  a  ]jr<iper  direction  is  given 
to  the  lines  of  vision  by  an  o|)eration,  l»nt  it  is  well  known  that 
Ufiucb  is  not  tlie  case.  For  this  reason  the  other  view,  which  as- 
imes  a  suppression  of  the  retinal  images,  ha.s  been  generally 
accepted,  since  it  sccras  to  relieve  the  subjet't  of  all  difficulty. 

It  was  thought  that  when  the  attention  was  conerntrated  upon 
the  central  image  in  the  eye  iisetl  for  tixution,  the  eiise  with  which 
the  image  in  the  squinting  eye  could  be  suppressed^  depMndcfl  upon 
its  eccentricity,  that  is,  its  position  on  a  less  sensitive  part  of 
the  retina.  But  in  paralytic  squint  exactly  these  conditions  do 
not  prevent  the  occurrence  of  diplopia. 

But  supposing  the  double  vision  of  one  and  the  same  object 
may  be  avoidwl  by  a  considerable  eccientricity  of  one  of  the 
retinal  images,  what  beconaes  then  of  the  image  which  is  cast 
upon  the  macula  lutea  of  the  squinting  eye?  Accv>nl(ng  to  the 
thcorj'  of  corresponding  jwints,  the  images  at  both  retiiiiil  reiitrcs 
arc  projected  upon  each  other  in  space,  from  which  would  result 
ttbout  as  much  trouble  as  from  iliplopia. 

A  careful  analysis  of  binocular  vision  with  stmbistuus,  shows 
tliat  the  hy()othefeis  of  the  HU|)prcssion  of  the  retinal  imagu  in  the 
jtaqainting  eye  does  not  sufficiently  explain  all  the  facts. 

The  well-known  fact  that  tlie  squinting  eye  contributes  toward 
widening  the  Held  of  vision,  ctHnpcls  the  a(bnission  that  its  func- 
iioD  is  not  absolutely  suspended.     Accordingly,  a  participation  in 


SmABISMTJB  rf>2rVKR0E!Wr. 

the  act  of  viftion  must  be  admitted  for  the  median  part  of  the 
retina,  whirh  Rervcs  for  erccntrie  vision  outwnnl,  hut  it  was 
thought  (hfit  the  theory  of  ttie  supprtswion  of  rotirm)  impressious 
TOuM  still  be  retained  with  reference  to  the  other  parts  of  the 
retina.  Orn.^  «iri,  however,  euyily  .satisfy  himself  that  even  that 
|fart  of  the  fioUl  of  vinion  of  the  gqutnting  eye  which  eotncides 
with  that  of  the  eye  used  for  fixation  is  not  excluded.  Of  oouree 
it  is  only  cases  in  whicli  the  £«quinting  eye  liai*  inwlerately  good 
vision  wliich  can  be  the  subjects  of  such  experiments. 

The  following  experiment  is  very  simple.  The  patient  directs 
the  eye  penentlly  used  for  fixation  upon  an  object  in  tlie  mcnlinn 
plane,  and  on  the  same  level  with  itself;  a  small  mirror,  or,  Ktill 
Ijctter,  a  transparent,  reflecting  ])lane  glaiw,  is  then  platx.'<J  before 
the  squinting  eye,  its  edge  t^njiporlL-d  on  the  m")se,  and  its  surface 
so  held  thai  objects  behind  the  patient  are  reflected  in  it.  A  light 
is  best  UHed  for  this  pnrfH)se  wliich  is  placwl  behind  and  to  the 
^ide  of  the  head,  and  at  a  level  with  the  eye.  Patients  with  a 
little  skill  soon  learn  to  receive  the  image  of  the  light  with  the 
Hfjuititing  eye,  and  t^)  throw  it  at  will  upon  any  part  of  the  retina. 
It  can  be  proved  in  this  way  that  in  binocular  vision  there  is 
consciousness  of  the  retinal  iniprerwion.s  made  in  the  squinting 
eye.  Now,  if  the  retinal  images  of  the  squinting  eye  are  not 
suppressed,  but  are  perceived  in  alwut  the  same  w^ay  as  are  ob- 
jects in  the  [Mjriphery  of  the  field  of  vision,  the  relations  of  the 
two  retime  cannot  be  the  same  as  in  the  normal  coiulition.  In 
fact,  the  relations  are  so  oomplicated  that  it  is  difficult  to  formu- 
late them.  At  all  events,  tlie  facts  above  stated  i^^nnot  be  ex- 
plained upon  the  theory  of  a  pretbrmed  and  therefore  unchangiug 
symmetrical  correspond  en  oe  of  the  retime. 

If  now  we  find,  on  the  other  hand,  that  diplopia,  such  as  we 
can  provoke  dnriug  the  normal  binocular  visual  act,  and  as  it 
occurs  in  cases  of  paralysis  of  the  ocular  muscles,  agrees  fully 
with  the  theory  of  retinal  symmetrical  corr«<(>ondeiK*,  all  the 
factfi  may  be  reconciled  by  assuming  that  the  relations  of  the 
corresponding  retinal  parts  are  not  congenital  but  acquired. 

We  bring  the  macula  lutea  exactly  opposite  those  objects  tipon 
which  the  attention  is  directed,  as  a  consequence  of  that  physio- 
logical preference,  in  ixispect  of  acuteness  of  vision,  which  lias 
•made  thi.s  place  the  centre  of  the  retina;  and  that  we  sec  singly 
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an  objert  fixe<l  with  both  retinal  centres  must  be  roganlecl  us  & 
habit  awjuirtHl  from  ex|>erienoe.  When  biiiooular  fixation  is  once 
«*tablisht'*i,  then  the  symmetrical  points  of  the  retinro  first  ac- 
quire the  significance  nf  corres|>nndenoe.  If  now,  for  any  of  the 
reasons  alHwe  etalefl,  binooular  fixation  be  relinqnishpfl  in  early 
chiMhooi],  no  habit  is  developeil  of  uniting  the  (wo  retinal  images, 
bat  each  eye  projeeLs  its  field  of  viBion  in  the  proper  manner. 
Kach  eye  for  itself  sees  the  objects  in  tlie  direction  towarfl  which 
it  is  turned.  Diplopia  docs  not  occur  in  these  cases  because  tliat 
dej)ends  upon  a  previous  habit  of  uniting  the  two  fields  of  vision. 
If  a  binocidar  union  nf  (he  two  retinal  images  never  occurs,  then 
there  will  l)e  no  diplopia  when  the  field  of  vision  of  one  eye  is 
movetl  up  or  down  by  a  jirism  refracting  vertically,  and  such  ia 
the  f:ict  in  many  cases  of  strabismus. 

There  if  not  always  the  absolute  impossibility  of  perceiving 
double  images.  Often  an  inconsiderable  remainder  of  binocular 
single  vision  is  retainetl.  In  such  cases  double  images  do  not 
occur  s|Kintane<^»U!Sily,  but  they  may  he  in-ddi-  porc^-jitible  by  means 
of  a  colored  ghiss  and  a  vertically  refracting  prism.  Nevertheless, 
tbe  results  are  ver^'  inconstant;  the  double  images  appear  and 
disappear  again  without  the  patient  being  able  every  time  to 
perceive  tbem  with  certainty.  Their  positions  do  not  gonei-aSiy 
agree  with  the  theory  of  the  c*>rrcsp(>ndence  of  symmetrical  points. 
For  instance,  they  show  only  slight  horiKontal  separation,  tii  spite 
of  considerable  convergence,  or  they  are  crossed  when  they  should 
be  homonymous,  or  the  double  images  may  always  stand  one 
above  the  other,  and  never  side  by  side.  It  sometimes  hapi>eus 
that,  with  the  help  of  a  re<l  glass  Iwfore  one  eye  and  a  vertindly 
refracting  prism  before  the  other,  double  images  are  seen ;  but 
when  by  a  slow  revolution  of  the  prism  the  vertical  dist:ince 
between  the  double  images  is  decreased,  they  suddenly  disapj)eur, 
even  before  the  refracting  angle  lias  revolved  through  45°,  and 
tJiey  cannot  1>e  again  <idled  up. 

For  many  cases  the  stcreoscitjw  is  an  excellent  instrum(?nt  for 
examining  the  relations  of  binocular  vision  in  squint.  Du  Rois- 
Rcymond*  first  called  attention  to  this.     Shortly  alter  the  dis- 


*  Ueber  cine  orthopadieohe  Heilmothnde  de«  Schielens,  Arch.  f.  Anat.  u. 
Phjrsiol.,  1862,  pag.  5-11. 
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coverv  of  the  instrument,  he  amde  the  remark  thai  for  au  ortho- 
pe<lic  treatment  of  8<;|uiiit,  no  iiliiii  |»roniise<l  more  than  that  of 
methtxiical  practice  witli  the  sterootKXj|«j.  Javal*  arrived  later  at 
the  8nmc  opinion. 

The  RtewHiseopc  presents  tlie  advantage  timt  each  eye  has  its 
own  separate  field  of  virsion,  into  which  .'itiitable  ohjects  may  l)e 
intr<«iuof<l.  The  only  difficulty  is,  tliat  in'  many  cases  the  [Hitieiit 
is  not  able  to  see  in  the  stcre<\sco|>c  the  two  ticld*  of  vision  at  the 
same  time,  hut  uhvays  perreives  only  that  of  the  eye  use<l  for 
fixation.  Tliis  may  be  regardefl  as  a  "suppression"  of  the  retinal 
image  in  the  s(jiiinting  eye;  but  it  is  remarkable  that  the  retinal 
image  of  the  normal  eye  can  be  suppressed  with  the  fianie  readi- 
ness so  soon  as  the  generally  squinting  eye  is  ascd  for  fixation. 
But  another  interpretiUion  of  this  phenomenon  [s  |xxtsib1e.  One 
who  is  j^enemlly  aei-ustomed  to  innocular  tixatiou  will  endeavor 
to  fix  binoeaUrly  in  the-  stereoscope,  but  the  stpiiuting  patient, 
oociLstomeil  to  nionocuhir  fixation,  will  endeavor  to  fix  monocu- 
larly  in  the  stereiist^>|)e.  The  entire  retina  of  the  squinting  eye 
serves  iu  tliis  ease  only  for  eccentric  vision,  and  just  sueh  stereo- 
gcopie  experimeuls  are  well  ralcuhitwl  to  demonstrate  how  difficult 
it  is  td  peiveive  distinetly  ec«;nlrie  retinal  images  even  with  the 
normal  visual  act. 

In  other  case.*,  after  some  effort,  the  patient  sueceeds  in  seeing 
the  two  stereoscopic  fields  of  vision  simultaneously;  when  this  is 
accomplished,  he  may  proceed  to  practice  iu  uniting  the  two  retinal 
images.  For  this  purpose,  Javal  proposes  to  place  in  each  of  the 
two  stcreostojiic  fields  of  vision,  a  wafer  contrasting  iu  color  witll 
the  background.  The  distance  betwt«n  the  two  wafers  corre- 
sponds to  the  distance  between  the  lines  of  vision  where  they  pierce 
the  ficUIs.  In  or<ler  to  know  frcjiu  the  statements  of  the  imtient 
whetlier  binocular  union  (tr  only  monocular  vision  takes  place,  a 
wafer  of  another  color  is  placed  alx)ve  one  of  the  first  wafers  and 
another  below  the  other.  In  the  binocular  image  there  must 
ap|>ear  to  be  three  wafers  one  above  the  other. 

One  must  be  very  careful  in  drawing  coucliisious  from  the 
statements  of  the  patients.  Even  when  the  three  wafers  are  seeu 
to  stand  perpcudioutarly  over  eauh  utlier,  there  need  be  no  binoo- 
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ular  Bxation  of  the  two  raidille  wafers  inteudetl  for  biuociilar 
union.  In  spite  of  an  abnormn)  (lireotinn  of  tlio  axis  of  the 
i^juiiiting  eye,  tlie  iimiges  lunv  apjxair  pci-peiiiiicularly,  one  above 
the  other,  juist  as  in  nqaint  tloiible  imageit  .standing  one  a)>ove  the 
other  niav  be  provok^Kl  by  prisms  refraf^ting  vprtically.  On  the 
other  hand,  it  luav  hapjK'u  that  after  an  operation  iiafi  establisltcd 
a  normal  direction  of  the  visual  axes,  tlic  tliree  wafers  may  be  seen 
one  alx)ve  tlie  otiier,  and  still  the  middle  our  not  l>e  a  binotular 
image.  This  can  be  detected  by  marking  one  wafer  with  a  hori- 
zontal and  the  other  with  a  vertical  line;  the  binoeiilar  image 
would  thou  apjKftir  a»  if  marked  with  a  cross;  but,  although  all 
the  wafers  appeared  to  ^tand  vertically  over  eacli  other,  the  middle 
one  in  tiiese  csams  was  generally  marked  with  either  a  liori/x^ittal 
or  a  vertical  line,  and  the  binocular  image,  marked  with  a  cross, 
appeared  during  the  exptiriments  oidy  momentarily  or  not  at  all. 

In  the  great  oiajoiity  of  squinting  patieutis  the  uormal  relations 
between  the  two  retinal  images  do  not  exist. 

Generally  they  see  witii  both  eyes  at  the  same  time,  but,  so  to 
Sfteuk,  lu  on  ocularly.  In  many  oases  a  new  relation  of  corresiwind- 
enoe  apfKiars  to  develop  between  the  macula  tutea  of  the  eye  used 
for  fixation  and  that  retinal  region  in  the  squinting  eye  on  which 
Uie  image  of  the  object  fixed  Is  usually  east ;  and  finally  it  may 
liappen,  etiipceially  in  those  cases  of  squint  which  develop  at  a  later 
peritKl  f>f  life,  that  double  images  ap|)ei»r  in  a  manner  very  nnnoy- 
iug  to  the  patients;  this  is,  however,  by  no  means  always  the 
oafle.  For  instance,  in  the  relative  strabismus  divergens  of  my- 
opes, it  may  hapi>eu  that  distant  obje<;ts  ai-e  projK'rly  fixed  by  a 
normal  visual  act;  double  images  may  be  easily  provoked  by 
prisms,  and  are  nuitcd  in  the  physiological  manner,  and  never- 
theless it  is  in  many  of  tliese  aises  impossible  to  provoke  double 
iraagcfl  for  near  objects,  although  there  is  evident  divergence  of 
the  visual  axes  when  they  are  fixed.  We  see  in  these  cases  the 
normal  binoc^ular  visual  act  associated  with  a  normal  dirtR-tion  of 
tlie  visual  lines,  but  with  an  abnormal  iMisition  of  tlie  eyes  the 
fflalions.of  binocular  vision  assume  an  abnormal  diameter  also. 

We  have  already  learned  that  defective  vision  of  one  eye  favors 
the  oecnrrenw  of  squint;  it  would  be  reasoning  in  a  circle  to 
ai^ue  from  the  fact  that  a  cx>usidcrable  number  of  squinting  eyes 
are  amblyopic,  that  consequently  squint  is  the  cause  of  amblyopia. 
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So  long  as  the  theory  was  entcrtaimxl  that  tlie  retinal  impressions 
in  tlie  squiuting  eye,  in  ortler  not  U)  cjiusc  diplopia,  wore  forcibly 
suppresswl  bv  a  kind  of  psychical  process,  it  was  but  one  step 
further  to  conclude  that  iu  this  way  the  power  of  vision  in  the 
squinting  eye  dimini«he<l ;  tliat  is,  in  consequence  of  the  sup- 
pression of  the  physiolofjifal  retinal  excit;ition  the  exeitibility 
ibself  finally  became  blunted.  iSo  soon  as  we  declare  that  theory 
to  Ix!  insuflicient,  wc  must  examine  more  carefully  the  effect  of 
strabismus  in  the  deviating  eye. 

In  the  first  place,  it  is  to  be  remarked  that  cases  occur  in  which, 
with  strong  niOTiolMtern]  Mpiint,  double  im^'s  neither  exist  nor 
can  be  provoked,  but  that  nevertheless  the  squinting  eye  jKisseases 
good  vision.  The  theory  that  amblyopia  with  strabismus  is  caused 
by  the  snppre.ssion  of  tlie  retinal  impreasions  is  not  supported  by 
these  cases. 

Heoondly,  there  are  no  observations  wliich  prove  that  an  eye 
which  OHCK  possessed  good  vision  has  become  amblyopic  in  conse- 
quence of  strabismus. 

Thirdly,  attention  has  been  called  to  the  nature  of  the  amblyopia, 
partioilarly  to  a  certain  group  of  cases  in  which  central  vision  is 
more  or  less  diminished,  while  the  rest  of  the  field  is  unaffected. 
In  cases  showing  the  highest  degree  of  this  form  of  amblyopia, 
central  vision  is  so  weak  tliat  an  eccentric  part  of  the  retina,  on 
the  nasal  side,  possesses  better  vision  tbiin  the  jnaciihi  luten.  In 
coiKJ^equence  of  this,  snoH  olyccts  as  am  still  be  seeiij  are  fixotl  by 
turning  the  visual  axis  inward;  eccentric  fixation  inward  takes 
place.  The  amblyopia,  tmder  these  circunistanee.«,  is  generally  so 
great  that  fingers  can  be  ci>uiUed  only  at  the  distance  of  a  few 
feet.  No  changes  can  be  observed  by  the  ophthalmoscope.  Par- 
ticularly the  optic  nerve  and  retina  appear  to  be  in  every  respect 
normal.  This  is  certainly  a  well-marked  form  of  amblyopia,  but 
it  is  absolutely  identical  with  that  frequent  form  of  amldyopia 
congenita  which,  in  extreme  cases,  is  generally  unilateral,  and 
which  often  occurs  in  eyes  which  do  not  squint. 

Only  one  circumstance  remains  which  would  seem  to  indicate 
that  squint  exercises  an  injurious  influence  upon  the  vision  of  the 
eye  affected.  In  a  certain  class  of  cases  the  vision  is  improvcti  by 
the  separate  practice  of  the  squinting  eye.  In  referen<«  to  this 
fact,  we  should  first  examine  whctlicr  the  defect  of  vision  in  these 
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clepcnds  ii|K)n  ninblyopia  or  some  other  cause;  for  an  eye 
sing  normal  seusitiveness  of  tho  retina  may  still  not  l>e  able 
distimily;  for  instAnre,  in  oast'  of  hypt^rnietropia  with 
poralysU  of  the  uccomtncKlatiou.  For  each  individual  case  it 
is,  of  course,  of  diagnostic  and  prognostic  importance  to  decide 
whether  the  defect  in  vision  tlcpends  upon  anihlyopia  congenita 
or  Home  other  cause.  In  a  series  of  such  ca^^es,  in  spite  of  normal 
difitinctnoss  of  vision,  there  is  nevertheless  snch  functional  in- 
ability of  the  squinting  eye  that,  for  instance,  after  reading  a  few 
Udgs,  the  letters  lose  their  sharpness  and  become  confused ;  |>ain 
is  soon  felt  in  the  eye,  so  as  to  make  rending  impassible.  That 
weakness  of  the  aecommcKlation  is  one  of  the  elementjs  in  this  con- 
dition ia  shown  by  the  fact  that,  generally,  vision  is  better  with 
oouvex  glasses  than  with  tlic  nul<e<l  eye ;  but  this  explanation  ia 
not  sufficient,  since  even  with  convex  glasses  fatigue  is  soon  ex- 
pericncetl.  We  must  therefore  conclude  that  these  cni3es  consist 
esHCntially  in  a  rapid  exhalation  of  the  functional  power  of  the 
retina.  M<jst  of  the  patients  are  perfectly  conscious  of  the  inability 
of  the  s<juinting  eye;  they  affirm  that  they  cannot  see  anything 
with  it;  they  read,  for  instance,  some  wortls  from  No.  16  or  14  of 
Jae^r's  test  letters,  and  tiien  put  the  Ixtok  aside,  fatigued.  If  one 
insist,  however,  that  they  shall  contiiuie  the  experiment,  they  read 
still  further,  with  the  same  diflaculty  jxirhaps,  No.  8  or  6,  or  even 
Jso.  4  or  No.  3.  The  extt-act  of  Calabar  l>ean  is  generally  of 
more  assistance  to  them  than  convex  glasses. 

The  rule  may  be  now  laid  down  that  the  degree  of  vision  ap- 
fiarcnt  upon  making  the  fi ret  experiment  can  l>e  best  improved  by 
the  use  of  Calabar  extract,  by  wi-parntc  practice  and  persistent  use 
of  the  squinting  eye.  And  tliougb  tliis  practice  does  not  succeed 
in  all  cases,  still,  the  good  iiitluence  exercised  by  seiwinitc  practice 
has  been  sufficiently  shown.  The  evil  influence  of  squint  dei>ends 
not  so  much  uj>on  tlio  diminution  of  tlic  ucuteness  of  vision  as 
upon  functional  inc«]>acity  of  tlie  retina,  affecting  it  just  as  other 
organs  are  affected  by  the  want  of  exercise.  The  entire  attention 
of  the  squinting  patient  isconceiilrateil  u|xni  tlieeye  used  for  ftxa- 
tioD,  oAen  so  intensely  that  it  is  very  difficult  for  him  to  divide  his 
ition  upon  his  tAvo  eyes  and  ]>erceive  the  retinal  images  iu  the 
lainting  one.  For  these  cases  physiological  analogies  are  not 
wanting ;  mauy  retinal  imi^cs  move  acrass  the  peripheral  parts  of 
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our  retina  witliout  our  scoing  them.  The  entire  retina  of  the 
squinting  ej'e,  inclu<ling  its  timoulii  Ititea,  serves  only  for  eooentric 
vision,  since  every  object  in  the  jxriphery  of  the  visual  field  to 
whieh  the  attention  is  called  is  fixfKi  with  the  nnrnial  eye.  There 
is,  in  fact,  nej:;lwt  on  tFie  part  of  the  squinting  eye,  and  particu- 
lurly  of  ita  macula  lutoa,  which  doo-s  not  get  the  neoessury  exer- 
cise. Its  retinal  images  have  tlie  same  cUini  for  recognition  us 
those  of  the  macula  liitea  of  the  fixing  eye,  and  still  the  attention 
its  not  directed  to  tliL-m  iiny  mum  than  to  any  puriplieral  rellnal 
image.  The  consequence  of  this  insufficient  practice  appears  to 
be  not  so  much  loss  of  distinct  vision  as  of  the  ability  to  main- 
tain vision  continuously. 

We  often  hear  it  asserted  by  persons  in  whom  no  abnormal 
position  of  the  eyes  is  perceptible,  that  their  former  squint  has 
(lisajjpeared  spontane4)Ui4ly.  .Vside  from  such  cases  as  de))end 
upon  paralysisof  the  ocular  muscles,  it  is  not  improbable  that  even 
typical  i:oncomirant  s<piint  may  disappcjir  spoutaneimsly  ;  at  least, 
I  have  been  able,  in  the  cases  of  several  jjersons  who  have  made 
fiucli  usscrtious,  to  detect  both  defective  vision  in  the  eye  formerly 
said  to  squint  nud  an  absence  of  the  binocular  visual  act  Such 
cases  are  rare,  aud  the  conditions  unJer  which  this  spontAueous 
recovery  occurs  are  not  known. 

The  influence  exerted  by  hyi>ermctropia  upon  the  development 
of  squint  suggcsttsi  the  idea  tliat  the  correction  of  this  anomaly 
of  relraction  might  prevent,  or  might  even  relieve  a  squint  when 
once  CvStablishcd.  And,  in  fact,  one  often  has  the  opportunity  to 
demonstrate  the  favorable  influence  which  correction  of  hyjierme- 
tropia  exerts  upon  incipient  strabismus  couvergens.  Generally, 
however,  the  extreme  youth  of  the  patients  renders  this  ti-eatment 
unavailable.  ln<'hil(lren  l>ct\vecn  the  ages  of  two  and  seven  years 
it  is  gcncraliy  passible  to  denionsti-atc  the  existence  of  liy()crmc- 
tropia  only  by  ophthalmoscopic  examination,  and  even  this  preseute 
it«  difficulties. 

But  to  correct  fully  the  hypermctropia  and  to  cjiuse  .s[)€Ctac]es 
to  be  worn  is  at  this  age  impracticable  and  indee<l  dangerous. 
How  likely  such  a  child  is  tu  fall  and  wound  itself  seriously 
with  the  fjplintcrs  of  the  broken  glasses!  With  older  children, 
who  can  Iw  tiustcd  with  spectacles,  the  time  is  genendly  past  for 
any  hope  of  Influeueiug  the  strabismus  by  correcting  tJie  hyper- 
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metropia.  The  rertus  interniis  is  already  shortened  nnd  the  ex- 
teniiis  lengthened.  That  actual  structural  elmnjreH  Imve  occurred 
in  the  nuLscles  implicalt-d  is  evident  iluring  the  n|M.'ration  for 
squiut.  This  is  perceived,  upon  cutting  through  the  shortenotl 
'  xniiscle,  by  the  resistance  it  ofTcrs  and  the  way  it  creaks  under  the 
cissora,  while  nn  brinj^in;;  I'orward  its  antagonist  one  can  see  that 
it  is  ver>'  weakly  developed. 

Although  as  u  rule  the  (>|K!rative  treatment  is  the  only  effectual 
one,  we  ought  iu  every  case  before  roaorting  to  it  to  do  uil  that  we 
can  to  improve  binocular  and  monocular  vision. 

It  has  been  raentiniwl  that  the  usefulness  of  the  squinting  eye 

may,  in  many  cases,  be  inorcase<l  by  separate  pnictioe,  assisted  when 

neoe*«ary  by  convex   glawcs  or  Oilabar  extract.     In  some  rare 

it  is  even  [wssible  to  restore  the  lost  binocuhirvJBion.    These 

'results  arc,  however,  attained  only  I>y  long  practice,  and  are  not  to 

be  expected  as  the  iuinie<liate  consetpiencH^  of  an  operation. 

RTUABISMUS  DIVERQENS. 

Strabismus  divergens  is  caused,  as  is  strabismus  convergens, 
sumetimes  by  anomalies  of  the  muscles  and  sometimes  by  the 
ooudition  of  refraction. 

Many  Rises  of  llie  moat  extreme  divergt*nce  are  caused  simply 
by  an  elastic  preponderance  of  the  externi.  At  first  tlie  visual 
&x«s  can  be  converged,  but  the  necessary  tension  cannot  long  be 
sostaincn],  and  while  one  eye  remains  fixed  the  other  deviates  oiit- 
ward.  Most  (laticnts  in  this  condition  relinquish  binocular  fixa- 
tion for  n«ir  objects.  Con%'ci^encc  is  soon  entirely  forgotten  ;  oven 
{larallelism  of  the  visnal  lines  is  attaine<l  with  difllculty  ;  in  place 
of  accommodative  movements  only  a*isociatetl  ones  are  made,  and 
tlie  insutliciency  of  tlie  intenti  nuist'les  Jinally  becxjmes  so  great 
that  even  in  associated  movement  inward,  the  scjuiutiug  eye  falls 
behind  the  other. 

In  many  cai-es  the  gradual  development  of  this  insufficiency  of 
the  interni  muscles  is  due  to  some  i>eculiaiity  of  the  visual  act. 
Among  these  are  thcwe  cslscs  in  which  stmbisnujs  divergens  occurs 
in  oonsequeuoe  of  blindness  on  one  side.  At  first  the  movements 
of  the  eyes  appear  normal  ;  gradually,  during  near  vision,  the 
convergence  becomes  insufficient;  later,  the  blinil  eye  makes 
associated  instead  of  aocommodaiive  movements;  ^the  recti  interni 
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are  not  sofficiently  exercised^  and  no  longer  countcrbalanoo  the  recti 
exlerni.     Finally  there  comes  to  he  divei^enoe  in  every  |M>sition. 

A  similar  process  may  Ik;  developed  wlieu  there  is  good  virion 
on  both  Hides,  but  with  enmietriipiu  in  one  eye  and  a  high  degree 
of  myopia  in  the  other,  (yenerally,  under  these  circunistam-es,  the 
myopie  eye  is  uswl  lor  near  vision,  since  without  accommodation  it 
reoeivea  larger  retinal  images  than  the  emmetropic  one,  which  in 
its  turn  is  used  only  tor  distant  vision.  The  absence  of  aocuramo- 
datiun  (hiring  near  vision  xs  suHi^ient  to  give  to  the  emmetropic 
eye  a  relatively  divergent  jKwitiou.  lu  such  a  ease  annoying 
diplopia  does  not  genenilly  exist,  Ijei^ause  the  attention  is  directed 
exclusively  ujxjn  the  sharp  rctiiial  image  in  the  myopic  eye,  the 
blurred  inmge  in  the  emmetropic  one  being  neglected.  For  dis- 
tant vision  the  relations  arc  reversed;  here  the  image  in  the 
myojjie  eye  is  neglected,  and  t!ie  attention  is  directed  exclusively 
upon  thai  in  the  emmetropic  eye.  This  strictly  sei>aratc  use  of 
the  two  eyes  excludes  the  exeirise  of  accommodation  and  of  otm- 
vergence.  The  emmetropic  eye  experiences  generally  a  diminution 
in  its  range  of  accommo*lation,  wliile  the  circumstance,  that  in 
near  vision,  associated  instead  of  ac(H>mmndnt!ve  movement  t'tkcs 
place,  leads  to  a  relative  preponderance  of  the  recti  cxtefni  and 
to  slrahismnsj  divcrgens. 

With  unilateral  niyoi>ia  of  a  slight  dt^pve,  the  maintenanoe  of 
the  normal  visual  act  is  quite  jKissible. 

The  influeiiw  of  the  condition  of  refraction  in  CJiusing  strabis- 
mus divergeus  becomes  ap[>arent  Avhcn  one  includes  iu  his  inves- 
tigations all  those  cases  of  relative  divergence  in  which  during 
distant  vi.sioii  then?  is  ntr  aVmormal  position,  but  insufficient  con- 
vergence during  near  vision.  In  at  least  ninety  per  cent,  of  these 
cases  mvopia  exists.  The  connection  between  the  two  iwuditions 
dcj)euds  utKJU  the  change  of  form,  and  the  peculiarity  of  movement 
due  to  it,  in  myopic  eyes. 

In  his  investigations  on  this  subject,  Schuurmanu*  arrived  at  the 
following  results  with  reference  to  the  movements  of  myopic  eyes. 
Movements  in  tlie  horizontal  plane,  us  Donders  and  Doycrf  had 
already  found,  arc  less  in  myopia  than  in  enimetropia.  As  a  rule, 
movement  decreases  as  the  myopia  increases.     Moreover,  myopic 
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Si*  well  a8  emmetropic  eyes  show  a  rlecreasft,of  movement  de- 
|)endent  upon  ndvancinp  ajro,  Tho  rolatioii  between  inward  and 
uutward  moveiufnt,  relutiveJy  to  tlie  line  nf  vUion,  is  tlie  same  in 
myopia  as  in  eminetropia, — that  is,  the  movement  inward  is  gener- 
ally grcatiT  than  (lie  nuivenu^nt  ontwunl.  The  degree  of  cxmvcr- 
genee  attainable  by  ditf'eix'nt  myopes  variet-  greatly.  The  maxi- 
mum of  convergence  is  greater  than  normal  with  some  myopes, 
and  less  with  others.  The  dlverj^iico  tn  be  produced  by  prisms 
18  on  an  average  greater  in  myopia  than  in.enimetropia,  ("or  which 
reftson,  as  remarked  on  {Higc  131,  in  spite  of  less  deviatimi  of  the 
visual  line:*  from  the  centres  of  the  corneas,  they  can,  neverthe- 
less, be  directed  farther  ontward  than  in  erarnetropia, — that  is, 
tg^eftler  divergence  can  be  atlatued. 

The  movements  of  myopic  eyes  are  restrieteil,  because  in 
myopia  all  the  diameters  of  the  eye,  bnt  especially  the  sagittal 
diameter,  are  increaseil.  The  ellipsoidal  form  wbieh  the  eye 
liiereby  acquires  prevents  its  playing,  as  before,  like  a  Iwill  in  the 
vn|isiile  of  Tenon.  Movement  l)eeomes  posslblo  mily  with  u 
einiultaneiMis  displacement  of  the  orbitiil  tissues,  whicl],  of  course, 
present  a  resistance  not  met  with  when  the  eye  more  nearly 
Jipproaches  the  form  of  a  sphere.     ] 

The  defci't  in  assiK-iatcd  itculur  movements  can  be  compensated 
for  by  movementfl  of  the  head,  but  no  such  substitution  can  be 
made  for  insufficient  convergence.  Divergcaice  is  the  more  likely 
to  occur,  for  tlie  reason  that  the  chaiigt^  in  the  form  of  the  eye 
cwues  greater  resistance  on  the  part  of  the  external  muscles. 

Myopic  eyes  generally  apjieur  more  prominent  than  emmetropic 
ones.  The  elongation  of  tiie  axes  appeai-s  to  CAUse  a  displace- 
ment forward.  Since  the  distance  between  the  margin  of  the 
cornea  and  the  insertion  of  the  muscles  is  not  changt^d,  the  in- 
crease in  the  volume  nf  the  eye  must  cause  increased  tension  of 
the  recti  muscles.  The  rectus  externus  is  the  muscle  which  ex- 
periences this  tension  most.  While  the  expansion  of  the  eye 
displaces  the  insertion  of  the  rwtus  internus  only  fonviird,  that  of 
the  rectus  externus  is  flisplaeed  outward  as  well  as  forward.  On 
^^  tt  of  the  median  position  of  its  origin  this  last-named 
ttilB^  Is  thus  subjecte<l  to  a  ver\'  consitlerablc  tension.  >rore- 
over,  that  jmri  of  the  extefnus  in  contact  with  the  eyeball  is 
greater  than  is  the  case  with  the  other  muscles,  and  it  must  neces- 
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sarily  participate  in  the  expansion  of  the  eye.  All  these  cir- 
cumstnnrcs  n')*uU  in  an  increased  ehistic  tension  of  the  external 
mus<.'le.«  anil  a  t'niisLHiUL'iit  iiicreujsed  reHstance  to  the  action  of 
their  aiitiigonists. 

Finally,  tlic  *leviation  o{  the  line  of  vision  from  the  centre  of 
the  corne;i  mast  be  considertHl.  Siuoe  this  deviation  is  less  in 
myopia  than  in  emmetropia,  the  lines  of  vision  will  intersect  at 
a  greater  dj-stanee  in  myo|iia  than  in  oinruftropiaj  supposing  the 
pixsition  of  the  cornea  to  he  tiit;  same  in  hoth  csieep.  In  order  to 
attain  the  same  convergence  there  must  be,  on  the  part  of  tlie  in- 
torni  muscles,  a  stronger  action  in  myopia  than  in  emmetropia. 
Til  is  faet  explains  hotli  the  relative  diver^ncc  of  the  visual  lines 
(luring  neur  vision  and  the  very  c*^nsiderublc  absolute  divergence 
which  may  l>e  wujscd  by  prisms  witli  their  refracting  angles  turned 
outwanl. 

It  is  remarkable  that  in  many  cases,  in  spite  of  a  cousiderable 
inclination  to  aljsolute  divergence,  quite  a  respectable  movement 
of  oonvergeuoe  is  still  iwssible.  It  is  only  exceptionally  tlmt 
absolute  strabismus  divcrgens  develoj)®  from  the  relative  diver- 
gence of  myt»piu.  The  reason  for  this  is,  that  the  limitation  in 
tlie  movements  of  the  eyes  jirevents  any  very  great  divergence, 
anfl  in  spite  nf  relative  divcrgenet?  fur  near  vision,  still,  for 
distant  vision  the  binocular  visual  act  is  maintained. 

Strabismus  divergens  generally  develops  later  than  oonvei^nt' 
squint,  as  a  rule,  after  childhood  lias  passed. 

The  therapeutic   indications   in  cases  of  relative  divergence 
dei>ending  upon  myppia  have  been  already  mentionwl,  on  pag 
51.     Absolute  divergence  demands  relief  by  operation. 


MUSCULAR  ASTUENOPLV   AND  DYNAMrC  BTRABI8MUS. 

We  have  already  learned  that  an  elastic  preponderance  of  the 
external,  or,  what  amounts  to  the  same  thing,  an  insufficient  of 
the  internal  muscles,  is  the  principal  cause  of  al>so!ute  strabismus 
divergens,  anil,  in  connection  with  myopia,  the  cause  of  relative 
divergence  also.  Nevertheless,  insufficiency  of  tlie  intcrni  docs 
not  always  lead  to  divergence;  altliougli  the  c<[nilibriuni  of  the 
muscles  is  destroyed,  binocular  vision  nn»y  be  maintained. 

The  occnrrenw  of  this  condition  at>er  recovery  from  paralysis 
of  the  ocular  muscles  has  been  already  mentioned,  jiage  137.   For 
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iiistanoc,  if  in  a  iicjirly  reooveretl  case  of  [winilysis  of  the  abdii- 
«vma,  in  a  |«irt  of  the  field  in  which  liinocular  single  vision  bus 
been  restopetl,  it  lie  disturlKnl  Ijy  pri8nif<  refracting  vertically,  the 
double  images  often  show  a  lateral  deviation  not  dependent  on 
the  action  of  the  prisms,  slnt-e  with  the  internipti(»n  of  binocular 
single  vision  there  reniuine  no  incentive  to  opfvwc  thechistic  tend- 
ency of  the  muscles  by  an  nnusiially  strong  innervation.  In 
a  j^imilar  [natincr  one  can  detect  in  many  cases,  by  the  help  of 
vertieadly  refracting  pri.-iins,  during  fixation  on  far  or  near  ob- 
jects, an  inelinatton  to  convet^'nce  or  divergence,  which,  under 
ordiuary  ciroumstauees,  is  overcome  in  the  interest  of  binocular 
single  vision.  Von  Graefe  designate*!  tliis  condition  as  dynamic 
aqoint. 

Insufficiency  of  the  recti  interni  «m  a«ordingly  cause  al)PoIute, 
relative,  or  dynamic  strabismus.  In  the  last  case  the  strain  u]>on 
the  recti  interni,  which  niu^t  be  made  to  maintain  tlie  convergence 
bfieoeswuy  while  working,  cansc-s  fatigue  in  those  muscles,  with  the 
same  {Kiinful  symptoms  as  (Kx;ur  in  awomriiodutive  asthenopia, 
depending  there  upon  fatigtie  of  the  ciliary  mu.scle. 

In  making  the  diagnosis  of  this  muscuhtr  asthenopia,  wc  must 
determine  first  the  maximnm  attainable  convergen<?e,  while  the 
eyes  are  looking  slightly  downwanJ.  Jf  a  convergence  to  a  dis- 
tance of  from  6  to  8  cm,  cannot  be  reached,  but  if  one  eye  before 
rvaching  such  a  {>oiut  deviates  outward,  tlieu  there  is  insuMciency 
of  the  recti  interni. 

Id  order  to  relieve  the  ocular  muscles  from  the  controlling  in- 
fluence of  biufxular  single  vision  one  eye  may  be  covered  during 
convergence  nt  the  distance  usual  for  work.  This  is  l>est  done 
with  a  ground  giaiw,  which,  when  held  close  to  the  eye,  still  allows 
observation  of  it*  pitsition.  \Vbcn  this  is  done  the  covcivd  eye 
deviates  outwar<l,  and  returns  again  to  fixation  whenever  the  glass 
b  removed. 

Binocular  single  vision  may  also  l>e  interrupted  by  holding  in 
front  of  one  eye,  a  prism  with  its  refi-.u'ting  angle  turned  upv^anl 
or  downward.  If  the  tension  upon  the  inner  miLscles  be  t-xcess- 
ive,  the  visual  axes  will  diverge  somewhat  upon  interruption  of 
himx'ular  single  vision.  The  double  images  will  not  stand  di- 
rectly one  above  the  other,  but  will  be  crossed,  and  at  ditlereut 
levels. 
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Arronling  to  A'on  Ciracfe,*  the  experinu'iit  is  matlc  as  follu\v8. 
A  large  ilot  la  made  on  a  slieet  of  wliite  pai>er  aii«l  a  fine  vertical 
line  drawn  through  it.  This  is  laid  before  the  |«itient  in  the  |x>- 
sition  and  at  tliedistanee  umiuI  in  rpjiding.  If  then,  upon  placing 
a  vertically  refraeting  prism  before  one  eye,  the  tlniihh;  images  do 
not  stand  one  alxive  the  other,  hut  are  erossed,  divergence  of  t!ie 
visual  axes  is  indicateil.  The  measure  of  this  divei^enec,  or  of 
the  insufficiency  of  the  interni.  is  given  hy  that  prism  whidi, 
placecJ  In-fore  the  otlier  eye  witli  its  angle  turned  outward,  eau^^Tfi 
the  two  images  to  appear  cjcactly  one  almvc  the  other.  According 
to  Von  Graefe,  tlie  Bauje  distance  and  fixation-object  sliould  be 
used  to  determine  what  prisms  may  he  overcome  by  convergence 
and  divergent*. 

This  method  of  examination  should  not  lie  relieil  on  in  deter- 
mining the  conditiuu  of  the  muscltw,  witliout  investigating  at  the 
same  time  the  con<lition  of  rtfraction.  For  instance,  if  a  hyper- 
metrnpe  8ee«  through  a  verticjilly  refracting  priem  tiie  double 
images  of  a  distuul  object  not  exactly  one  above  the  other,  but 
HCparated  laterally  and  homonymous,  this  may  be  due  to  insnf- 
ficiency  of  the  recti  extcrni;  it  may,  however,  CR-cur  without  that, 
simply  in  conHcquonce  of  a  certain  degree  of  convergence  attending 
the  acn)nimodation  necessary  even  for  distance,  just  as  liapixjns 
under  the  same  cirournstances  to  enimetropes  when  tliey  put  on 
concave  glasses. 

If  in  myopia  of  a  medium  grade  (say  ^  to  -j^)  the  fixation-object 
be  placed  near  the  far  point  and  double  images  he  provoketi  by  a 
])rism  n^fracting  verti«illy,  there  no  lotiger  exists  any  incentive 
for  muiatiiining  the  proper  convergence.  If  the  double  images 
cannot  possibly  be  united,  it  is  all  the  same  to  the  niyot)e8  whether 
they  stand  exactly  one  al>ove  the  other  or  at  the  same  time  show 
a  latoRil  deviation.  The  retinal  images  remain  dislini-t,  except 
as  their olcarnesis  is  diminished  by  the  prisms,  even  with  a  parallel 
direction  of  the  visual  axes. 

Of  course,  when  vision  is  directed  u|>on  an  object  in  the  neigh- 
borhood of  the  far  point,  the  grwUest  possible  d«gree  of  divergence 
may  be  given  to  the  visual  lines  by  means  of  prisms  with  their 
retracting  angles  turued  outward.     To  determine  the  maximum 
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degree  of  convergenoe  Uy  means  of  prianiB  witli  their  refracting 
angles  turned  inward  is  useless  trouble,  since  it  may  Ijc  done  in  a 
more  dircot  and  simpler  way  by  merely  bringing  tlic  object  fixed 
nearer  to  tl»e  eye. 

Un<1cr  all  eiifumt<tances,  but  [mrticulurly  in  myopia,  conver- 
genoe is  maintained  by  a  mus^'iiljir  ettort,  which  is  gladly  relin- 
quished as  soon  as  it  is  no  longer  nec;essary  in  tlie  service  of 
hiuoculur  vision.  This  is  espefially  apt  tit  Imppen  when  ruher 
cau»e»  ior  fatigue  co-exist,  for  instam-e,  nnijuuctival  irriuitiou  or 
those  symptoms  of  irritation  so  common  in  myopia.  Upon  ex- 
amining these  cases  with  prisms  refmetiug  vertically,  an  incliimtinn 
to  parallelism  of  the  visual  axes  is  almost  always  found,  but  from 
this  it  does  not  follow  tliat  muscular  a-^thcnopia  is  the  cause  of  all 
symptoms  of  irritation.  Tliesf  symptoms  occur,  as  a  rule,  in  my- 
opia of  a  middle  grade,  even  when  there  is  no  asthenopia.  Gen- 
erally, and  espeeially  when  any  symptoms  of  irritation  exist,  as, 
for  instance,  in  conjunrtival  hy[)crwmia,  myopes  i>refer  a  i>anillel 
]xj«itJon  of  the  visual  axes,  and  make  tfie  movement  of  <H>nver- 
gtnce  only  when  it  is  neeessary  for  binocular  vision. 

The  examination  with  j>risms  gives  jiltogether  different  results 
when  it  is  conducted  with  the  help  of  cf>rre<:;ting  oonc:ive  lenses. 
The  eflbrl  of  ac<ioinnuid:ition  then  aifects  the  convergence  exactly 
as  ID  cmmetropia.  In  this  case,  too,  when  binocular  fixation  is 
interrupted,  the  inclination  to  diminish  convergence  is  perceptible. 
At  the  same  time,  however,  the  aocommiKlatiou  relaxes,  and  as 
soon  as  the  imllstinctneje  of  the  retinal  images,  caused  by  this,  be- 
comes annoying  to  the  patient,  there  follows  with  the  renewal  of 
the  accommodative  etTort  an  increasetl  iunervation  of  the  intemi, 
which  in  its  turn  is  o(\en  excessive,  and  causes  a  slight  temporary 
convergence. 

If,  on  the  contrary,  there  follow  under  these  (iircumstances  a 
oooflidcrable  and  |>erraanent  dlmtnulioTi  of  convergence  as  soon  as 
binocular  fixation  is  interrupted  by  prisms,  it  proves  that  there  is 
some  disturbance  in  the  normal  relations  between  the  convergenoe 
of  the  visual  lines  and  the  tension  of  accninmndation. 

In  mofit  of  tliese  oases  tlie  preponderance  of  the  recti  extemi 
can  bo  demonstrated  when  the  |«itient  is  directcfl  to  fix  a  distant 
object.  If,  for  instance,  one  choose  as  the  tixation-ohject  the  ilame 
of  a  candle,  twenty  feet  tlistant,  double  crossed  images  often  appear 
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am  Hoon  as  tlic  two  fields  of  vision  are  diSertititiittcd  by  placing  u 
red  glass  in  front  of  one  eve.  This  is  much  more  certain  to 
hap|x;n  when  ])inorular  fixation  is  mode  impossible  by  a  weak 
prism  refracting  vertically. 

Moreover,  a  niuoh  greater  divergence  of  the  visual  axes  may 
be  caused  in  cases  of  myopia  by  prisms  with  their  refracting 
auglcs  turned  outward  than  is  possible  under  normal  relatione; 
or,  in  otlier  words,  Tniioh  stronger  prisms,  even  up  to  20^  or  more, 
can  be  ovorcotuu  by  divergence. 

It  i8  remarkulilc  that  in  marked  cases  of  elastic  preponderance 
of  theexterni  the  nearest  point  to  l«iattiiin«l  by  convergeuoe  is  by 
no  means  always  at  a  gi'oater  distance  than  normal  from  the  eyes. 

Muscular  asthenopia  is  not  near  so  frequent  as  awoniimxlative 
asthenopia.  It  may  occur  in  every  oonditiou  of  refraction, — in 
cnimrtropiaj  hypermetropia,  or  astigmatism.  Cases  ftf  but  slight 
myopia  are  tln»t%e  generally  associatwl  with  muscular  af^thcuopia. 
Ill  the  h()^hc'r  grades  of  myopia  the  fatigue  of  the  recti  interul  is 
avoide<l  by  the  occurrence  of  relative  divergence.  The  patient, 
for  instance  in  ri'ading,  begins  binocularly;  soon,  howuver,  one 
eye  deviates  outward  invoUmtarily  and  unnoticed.  The  patients 
do  not  in  such  cases  complain  of  fatigue,  but  simply  notice  that 
one  page  seems  to  project  over  the  otlier.  They  generally  learn 
to  esca|^»e  the  annoyances  of  diplopia. 

In  the  treatnu'nt  of  mnscnlar  asthenopia  we  may  palliate  the 
eonditiou  by  the  help  of  i)rismati('  glasses,  or  it  may  be  cui-ed  by 
operation. 

It  follows  from  what  has  IwHsn  sail!  on  page  93,  <'nm!erning  the 
use  of  prismatic  spectacles,  that  they  may  be  used  with  special 
ttdvaiitigc  when  it  is  p(Ri&iibIe  to  employ  a  working  distance  of  at 
least  10  or  12  inches. 

It  is  generally  advisable  to  begin  the  treatment  by  these  pallia- 
tive means,  since  the  abnormal  n-lations  in  the  tensicm  of  the  mus- 
cles may  diHaji|>ear  In  time.  I  have  observed  tliis  especially  in 
those  cases  in  which,  in  spite  of  a  dwided  inclination  to  divergence, 
the  normal  near  point  for  convergence  could  still  l>e  reache*! 
without  much  dilliculty. 

Prisms  of  |»erhaps  3  and  at  most  6  degrees  are  set  in  spectjicle 
frames  with  their  refracting  angles  turned  outward.  They  are  of 
oouree  to  be  used  only  for  near,  and  never  for  distant  objects,  since 
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there  is  no  occasion  for  inducing  absolute  divergence  of  the  \HsnaI 
lines. 

The  operative  treatment  consists  in  the  tenotomy  of  the  recti 
extcrni.  Under  ciertain  circumstances  a  radical  cure  may  be  thus 
accomplished.  The  greatest  care  must Jiowever,  be  taken  that  liy 
this  (.i|)eration  a  simple  dynamic  divergonop  l)e  not  converted  into 
a  real  oonvci-gtng  squint.  The  tenotomy  may  be  ivsorted  to  with- 
out fear  of  this  result,  in  «ises  where  the  existenfe  of  an  elastic 
pre|^K>nderance  of  t!»e  externi  la  denion.strat<?d-  If  during  distant 
virion  an  inclination  to  divergence  Im?  apjjarent,  and  tf  at  the  same 
time  unusually  strong  prisms  rnn  l>c  overcome  by  divergence  of 
the  visual  lines*,  it  is  certain  that  after  tenotomy  of  tlie  cjcterni' 
there  will  be  no  annoying  convergence. 

As  a  nde,  the  tenotomy  is  to  \w  performed  on  that  eye  whieh, 
during  tJie  maintenance  of  c*)nvergence, shows  tlie  givater  iucliua- 
tjon  to  deviate  outward.  In  many  cases  the  tenotomy  of  both 
extemi  eeenis  to  be  necessary. 

If  insufficiency  of  the  interni  occur  without  elastic  preponder- 
ance of  the  externi,  the  tenotomy  is  to  be  avoided,  and  only  the 
use  of  prismatic  gla.H.ses  can  be  resorted  to. 

UPWARD    AND   DOWNWARD  SQUINT. 

ABBoelated  with  a  high  <legree  of  convergence  there  oilen  occurs, 
as  already  mentionetl,  a  vertical  deviation,  generally  simply  as  an 
•<x»m|Kinying  symptom  wliich  demands  no  spcxiial  correction,  and 
disappears  when  the  convergence  is  relieved. 

Another  mucli  rarer  group  of  eases  aro  those  in  whteli  the  ver- 
ti<3il  deviation  exists  witliout  any  marked,  (fr  with  <inly  very  slight, 
Uteral  squint^  and  shows  a  decidedly  concomitant  character.  For 
instance,  if  the  eye  which  squints  upward  Im  used  for  fixation,  the 
Other  wakes  an  accompanying  movement  downward. 

The  vertical  deviation  under  these  circumstances  does  not  remain 
the  s;une  in  all  directions  of  vision.  As  a  rule,  the  upward  devi- 
ation is  greatest  when  vision  is  direcfetl  towani  the  median  ]>lane, 
and  lca.st  when  directed  outward;  while, on  the  contrarj', in  down- 
ward squint,  the  deviation  is  grcat<^<t  when  looking  outward,  and 
disappeors  in  looking  inwaiv:!.  While  the  comcnof  the  unaftected 
eye  moves  through  a  horizontal  course,  that  of  the  squinting  eye  is 
in  B  plane  whose  direction  is  downward  and  outward. 
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It  is  not  possible  to  refer  thig  peculiar  movement  to  the  action 

of  anv  particiiliir  fnii.si'Ic.  Tt  is  verv  seldom  tliat  the  vertical 
(k'viutioii  iu  ttie  .<^umL>  iti  aW  (lire><.-lion8  of  vision,  ami  wlien  such  is 
the  tase  it  mast  be  reganlctl  as  tine  to  an  increased  tension  of  the 
two  niuiicles  acting;  upwuixl  or  downward  as  tl\e  case  may  be. 

Double  images  exist  in  must  cases  of  vcrtittal  deviation. 

In  respect  to  o]>enitive  treatment,  the  same  prinL'ij)leH  are  a]>- 
[>Ii(-.ible  as  were  laitl  down  with  n-feretice  to  vertical  deviation 
remaining  after  paralysis  of  the  ocular  muscles. 

OPERATION"    POn   BTRAniSXTTTS. 

The  operative  troatnient  of  stral)ismu.s  wjis  first  introdnced  by 
Stromeyer,  iu  1838,  and  in  1839  was  practised  methodically  by 
nieffeiibach. 

The  first  object  of  the  operatifjii  for  squint,  as  now  performe<l, 
is  to  divide  tite  tendon  of  the  sliortencd  muscle  close  to  it-^  inser- 
tion upon  the  sclera.  The  direct  attichment  of  the  muscle  to 
the  eyel>a!l  is  thus  destroyed,  Imt  indirect  attachments  remain,  by 
means  of  tlie  ci^nnections  of  the  muscle  with  the  ca|)sule  of  Tenon 
and  with  the  twnjunctiva.  The  effect  of  the  operation  is  greater 
or  less,  according  as  these  indirect  attachments  are  more  or  lefls^ 
dividwl. 

The  following  method  of  ojwration  is  generally  the  best  The 
patient  is  laid  in  a  suitable  position  and  anjesthL'tized.  The  lids 
are  held  apart  liy  an  assistantorby  aspLKiulum,  With  tiie fixation 
forceps  the  eyeball  is  seized  at  a  point  near  the  cornea  and  dia- 
metrirally  oppo.-iite  the  muscle  to  lie  divided.  The  cvehall  is 
rolled  over  into  a  ]K)sition  which  leaves  the  field  of  oj)eration  free. 
Exactly  above  the  tendon  of  the  muscle,  or  a  little  iu  front  of  it, 
t|ie  conjunctiva  is  seized  with  a  |)air  of  forcejw,  lift-ed  into  a  fold, 
aud  an  incision  matle.  This  incision  may  be  made  either  parallel 
with  the  directiun  of  the  muscle, — tlic  advantage  in  that  method 
l)eiug  that  tla*  wound  pipes  less  after  the  o|x?ration, — or  may  be  |iar- 
allel  to  the  lino  of  insertion  of  the  muscle,  in  which  case  the  latter 
ie  somewhat  Ixitter  exposed.  The  conjunctiva  is  now  loosened 
lowanl  the  i>enphery  with  the  scissors,  in  case  of  strabismus  oon 
vergens,  as  far  it-*  the  caruncle.  Then  the  muscle  is  grasped  by  the 
force|)S close  behind  its  insertion;  when  possible  the  whole  breadth 
of  the  muscle  should  be  seized.     The  insertion  of  the  muscle  la 
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first  picrved  in  the  midtik*  with  the  scissors,  one  blade  bemjtr  thrust 
bct\VL*en  the  niust^lo  nnd  the  sclera,  first  to  the  one  side  an<l  then 
to  the  other,  and  the  tendon  U  divided  close  to  the  sclera.  By 
[lo^iiig  in  n  strabibtuus-huok  the  operator  satisfies  hiuiHelfthat  no 
toiHlinous  threads  remain  in  tht*  neighborhood  of  the  insertion. 
It  is  iru[>ortunt  to  know  tlie  position  ol*  ttie  inseitious  of  tlie  vari- 
ous twolar  muscles.  That  of  the  rectus  internus,  measured  in  the 
hori/ontal  meridian,  i-^  6  mm.  from  the  margin  of  the  cornea,  that 
of  the  externum  aliont  8  mm.,  and  those  of  the  supcriut*  and  iu> 
ferior  from  7  to  8  mm. 

r  cannot  agree  witU  Von  Graefu  in  his  oft-rei>eatcd  advice  to 
make  the  conjunctival  wound  as  near  as  possible  to  the  margin  of 
the  cornea.  If  one  does  so,  he  finds  himself  so  far  from  the  in- 
sertion of  the  tendon  that  the  blunt  honk  wlitch  lie  must  insert 
under  it  before  he  can  cut  it  tnust  be  thrust  a  relatively  long  dis- 
tance under  the  conjunctiva.  In  doing  this  thccoujuntiival  wound 
is  jjencrally  torn  larger,  ami  still  inure  when,  acwjrdiug  to  direc- 
tions, tlie  handle  of  the  hook  is  tunied  so  as  to  draw  the  tendon 
tense. 

The  scissors  used  in  the  operation  should  be  blunt-pointed  and 
slightly  curved  ou  the  fiat. 

After  the  operation,  the  absolute  separation  of  the  tendon  from 
the  sclera  is  shown  by  a  marked  limitation  of  the  movement  of 
the  eyeball  towanl  that  si<ie.  There  shouhl  Ik?  only  a  limitation, 
tuvX  uot  almlition  of  movemeut,  because  the  muscle  still  remains 
Id  indirect  connection  with  the  sclera.  If,  on  the  contrary,  there 
be  no  limitation  of  movement,  or  if  it  be  t^io  slight,  tTiore  is 
reason  to  suspect  that  some  tcndiiLOUs  thi*eads  about  tlit?  mai'gin 
of  the  insertion  remain  un<>ut.  These  are  to  lie  found  with  tlie 
6tnd>it«mnii^hook  and  dividc«I.  It  is  very  seldom  that  the  muscle 
is  attached  by  strong  couuective  tissue  to  the  selem  l)eliin<l  its  in- 
sertion. In  these  eases  a  careful  detachment  of  the  muscle  back 
to  tlie  jiosterior  eiul  of  this  insertion  is  iudicated,  but  it  is  not 
always  practicable.* 

Except  in  these  few  oases,  the  operation  should   not  be  re- 
,  garded  as  completed  until   marked   Itmitatioti   of  movement  is 
perceptible. 


•  Von  Qraore,  Arc)i.  f.  Ophlhal.,  B.  ix.  2,  p«g.  8S. 
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If,  after  the  operation,  the  ronjunctivjil  wound  gapw  too  widely, 
it  m&v  he  olostxi  with  u  lino  nilken  suture.  If  it  he  intendeti  only 
to  unite  the  coujunc-tivul  wound  with  the  suture,  it  iB  well  to  place 
it  parallel  N)  the  in:«?rtlon  of  the  musele,  and  jmiss  it  simply 
through  the  conjtiMctiva  so  as  to  include  as  little  of  the  sub- 
eoiijunctival  ti-sue  ViS  iK)ssibIe,  because  when  so  done  it  will  cut 
through  of  ifc^elf  in  a  few  duvf*  and  not  re<]uire  to  Ik  removal. 

Tlie  after-treatment  consi^tt^  in  cold  dresising8  or  the  immediate 
aj>plioation  of  a  light  hundage. 

The  mcclianiml  effect  of  the  operation  for  Mjuiut  may  be  ex- 
plained in  the  followiufj  manner.  After  the  detaclimeut  of  the 
tendon  from  its  Insertion,  tlie  muscle  retracts  as  iiir  as  its  ela.stic 
tenHiou  demands  and  its  connections  with  the  aipsule  of  Tenou  and 
the  conjunctiva  allow.  8imidtiine<nisly  the  antaj!;onistic  muscle 
draws  the  eye  around  until  the  etjnilibrinm  is  rtarhed. 

After  Bomc  da}'s  union  takes  place  hctwcen  the  muscle  and  the 
sclera  in  a  line  parallel  with  the  nrij^inul  insertion,  but  farther 
back.  Tlie  influence  of  the  muscle  upon  the  eyeball  then  Ijecomea 
direc^t  and  stronger,  the  movement  increases,  but  generally  at  tbe 
same  time  diminishes  somewhat  the  effect  upon  the  jiosition  of 
the  t'ornea  which  wa6  perceptible  immediately  after  tlie  o()eration. 
Probably  the  anterior  end  of  the  detached  muscle  is  drawn  some- 
what forward  by  tiie  contraction  of  cicatricial  tissue  which  develops 
in  the  wound.  This  effect  is  greater  the  weaker  the  antagonistic 
muscle.  It  may  happen  in  this  way  that  an  effect  which  imme- 
diately after  the  ojieratiou  was  satisfactory,  becomes  insufficient. 

It  is  evident  from  what  has  l>een  said  that  the  ultimate  results 
in  respect  to  the  ix)sition  of  the  cornea,  obtaincti  by  the  o])eration 
for  squint,  vary  greatly  in  different  cases.  If  tenotomy  of  the 
rectus  externns  be  performed  on  account  of  muscular  asthenopia, 
it  is  an  error  and  an  over-effect  of  the  operation  to  cause  a  jwrma- 
nent  change  in  the  position  of  the  eyes.  In  these  cases  we  have 
to  thank  the  pn^Hixistitig  elastic  relations  of  the  ijeular  muscles, 
and  the  regulatinj^  influence  of  binocular  fixation,  that  the  con- 
vergence generally  existing  invmediately  after  operation  does  not 
remain  perniaiicnt.  Rut  it  may  luipiien  without  the  influentre  of 
bimx-ular  vision  that  the  ultimate  effect  of  the  operation  is  very 
slight.  The  operation  for  squint  has  been  mistakenly  regarded 
as  if  it  consisted  essentially  in  setting  back  the  insertion  of  the 
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shortoneH  mnscle;  but  it  is  perfectly  cleiir  that  this  alone  would 
exert  no  influence  upon  the  p(wition  of  the  eye  if  tliere  were  not 
an  anta^nJBtic  force  drawing  it  over  to  the  otiier  aide.  In  the 
operation  of  tenotomy  we  eount  upon  a  Ruflfioient  elastic  strength 
in  the  anta};onii$t;  and  this  t-^  the  element  which  cannot  always  be 
rtilied  upon  with  certainty,  since  it  is  probable  that  elastic  tension 
and  muscular  contraetibility  are  two  different  properties,  and  the 
result  of  an  opemtion  is  essentially  influenced  by  the  clastic  ten- 
sion of  the  antagonist. 

Id  many  cases  of  hypepmetropia  with  strabismus  convergens, 
the  airrcction  of  the  hypermetropi'a  i«  alwohitcly  necessary  after  an 
oi>eratiou,  even  when  there  is  no  binocular  fixation.  An  annoying 
strabismus  oonvergens  returns  whenever  the  use  of  convex  glasses 
is  dt«xintiimed.  This  may  l)e  well  understood  from  the  relation 
which  has  been  shown  to  exist  between  hypermetropia  and  stra- 
bismus (xinvergens;  it  is  only  remarkable  that  it  does  not  ooour 
ofteuer. 

Finally,  the  effect  of  tenotomy  is  somewhat  different  on  the  dif- 
ferent muijcles;  it  is  less  for  divergent  than  for  convei^ent  squint. 
In  those  disfiguring  cases  of  strabismus  divergens  in  which  the 
movement  of  convergence  is  so  far  lost  that  parallelism  of  the 
visual  lines  cannot  be  attaine<],  thn  efftK^t  of  simple  tenotomy  of 
tiie  externus  of  the  mpiiuting  eye  is  likely  to  be  very  slight.  The 
explanation  of  this  fact  ts  not  so  simple.  The  rwiii.s  iiiternus  is 
iu  thi.<sc  ca.sos  leugtheiioil  and  weakened,  it  is  true,  by  continuous 
staretching,  but  still  scarcely  more  than  the  rectus  externus  in  ex- 
treme caseft  of  strabismufi  conver^ens.  It  is  true  that  a  longer 
portion  of  the  rectus  externu«  Vwa  in  contact  with  the  eyeball  than 
is  the  case  with  the  rectus  internus,  but  that  does  not  prevent  very 
oonsideruble  ntrabismus  amvcrgt^i^  in  cases  where  simple  tcnoLotny 
of  the  externa^  luia  been  i>erfornied  when  the  proper  iiulii-ations 
for  the  ojieration  did  not  exist.  Although  experience  shows  that 
simple  tenotomy  of  the  externUH  of  the  wpiinting  eye  in  cases  of 
high  d^ree  of  divergence  is  almost  without  result,  the  explanation 
of  this  fact  ought  not  to  be  sought  for  wholly  in  the  rectus  ex- 
ternus and  itH  anUigonist  It  is  probable  that  theobliqui  mu.sclea 
play  a  part  iu  this  matter  whicli  has  not  yet  l)een  recognized. 
Aside  frt)m  tlicir  muscular  contraetibility  and  regarding  only  the 
elastic  tension  of  the  obliqui,  this  will  be  greatest  when  the  mua- 
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cles  embrace  the  eye  in  the  direction  of  a  great  circle,  as  is  the 
case  nliei!  vi?*ioii  Is  directed  atntrigly  inward.  The  elastic  tension 
of  llie  obliqiii  muscles  has  in  tliat  jx»sition  only  the  clUsit  to  draw 
the  eye  for\vard  in  the  plane  of  the  muaoles.  On  the  contrary, 
when  vision  is  <Iirected  more  outward^  the  obliqui  no  longer  em- 
brace the  posterior  part  of  the  eye  in  the  direction  of  a  great  cir- 
cle; aot»rdingly  they  are  less  stretched,  and,  moreover,  only  a 
part  of  their  elastic  tension  is  expende^l  in  <lrawing  the  eye  for- 
ward J  the  other  |)art  will  be  exertetl  iti  turning  the  (posterior  p<de 
of  the  eye  inward  and  the  cornea  outward. 

The  cijnscjiuences  of  this  are  the  following.  In  high  degi*ee9 
of  strabismus  divergens  the  squinting  eye  is  seldom  or  never 
turned  so  far  inward  that  the  obliqui  assume  the  direction  of  a 
gre:it  circle,  or  experience  so  great  a  strain  as  they  do  under  phys- 
iological relations ;  since,  though  the  power  of  turning  the  eye 
inwant  may  still  remain,  it  is  in  fact  but  little  exercised.  The 
obliqui  of  the  diverging  eye  are  thus  less  stretcbed  than  under 
normal  relations,  and  it  is  possible  that  their  extensibility  for  this 
reason  Incomes  so  diminished  that  they  finally  opjwse  a  great-er 
elastic  resistance  to  motion  in  the  median  direction  than  they  do 
under  physio ]ogic:il  conditions.  Now,  since  the  tension  of  the 
obliqui  is  not  alfwitctl  by  the  opcmtion,  it  is  plain  that  when  in 
old  caises  of  extreme  strabismus  divergens  they  liave  lost  their 
extensibility  they  will  act  after,  just  as  before  the  operation,  to 
turn  the  conica  outward  and  to  lessen  the  effeot.  In  strabismus 
couvergens,  moreover,  the  sui>erior  and  inferior  recti  muscles  play 
a  similar  though  less  cfTectnal  jiart. 

Where  there  is  sutlicient  elastic  tension  of  the  antagonistic  mus- 
cle, a  correction  of  3  or  4  mm.  in  the  ]x)sition  of  the  eye  may  be 
acoompllshwl  by  the  tenotomy  of  the  rectus  interims,  and  still  tlie 
movements  of  tlie  eye  be  not  unduly  interfered  with  by  too  ex- 
tensive loosening  of  the  indirect  connections  between  the  muscle 
and  the  eyeball. 

Tiie  farther  tlie  insertion  of  the  muscle  is  set  !>ack  ujxin  the 
sclera,  the  sooner  will  the  muscle  iu  itx  contraction  attain  thel 
limit  beyond  which  it  can  exercise  no  further  influence  upon  the 
position  of  the  eye.  There  will  remain  a  limitation  of  movement 
in  the  same  dire<7tion  in  which  the  eye  tbrmerly  squinted.  This 
limitatiou  of  movement  is  more  noticeable  in  converging  than  in 
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nnted  movenieiitH.  For  a  sotnewhat  Himllar  phenomenon  and 
^bne  depending  on  the  same  reasons,  soc  page  128. 

A  oorrcction  of  from  3  to  4  mm.,  which  may  Iw  accoraplishwl 
•without  any  annoying  limttatioti  of  movement^  is  certainly  for  most 
cases  of  squint  not  suffii'ientj  Init  there  is  a  very  simple  method 
by  which  we  may  douhle  tlie  effect  of  the  correction  without  too 
great  a  sacrifice  of  movement;  this  is  by  dividing  the  operation 
synimctrically  l>etwecn  the  two  eyes.  If,  for  iudt^inoe,  In  stni- 
bisnius  convergens  we  divide  t!ie  two  interui,  or  in  strabismuu 
divergens  the  two  extemi,  the  result  as  affecting  the  eorrec!tion 
of  pie-ition  will  be  ouuuilattve,  while  the  defect  in  movement 
towani  either  side  of  the  visual  fioUl  is  very  slight. 

If  it  can  l>e  foreseen  with  certaitity  tliat  at  least  two  operations 
are  necessary^  I>oth  eyes  may  be  oi>erated  on  at  the  same  sitting 
in  onler  to  economize  time.  If  the  greatest  possible  effect  is 
aimed  at,  it  is  well  to  fix  the  visual  axes  for  24  or  36  hours  in  a 
position  slightly  l>eyond  the  one  desired.  The  niethtxl  is  an  fol- 
lows, N«ir  tlie  outer  margin  of  the  cornea  a  thrciided  needle  is 
passeil  through  the  conjunctiva  just  above  the  horizontal  meridian, 
and  is  brouglit  out  about  2^  mm.  lower  down ;  it  is  then  again 
inserted  alxiut  2A  mm.  above  the  first  |x>int  and  brought  out  jiLst 
beluw  the  horizontal  meridian.  The  conjunctiva  (tiruugh  an  ex- 
tent of  about  5  mm.  is  thus  embraced  very  securely.  The  ends 
of  the  thread  are  then  drawn  upon,  but  not  tied  in  a  knot,  anil  in 
case  of  strabismus  tjonvergens  are  carried  over  uptHi  the  temple, 
there  to  be  fastened  with  adhesive  plaster  and  coUwitum.  In 
BtrabisrauH  divergciis  the  threads  are  fastened  on  the  bridge  of  tlie 
noec,  and  in  cases  where  the  nose  is  so  low  as  to  allow  the  threads 
to  rub  upon  the  cornea,  they  must  be  raised  by  a  roll  of  adhesive 
plaster.  To  remove  the  threa<l,  cut  one  enil  close  to  the  conjunc- 
tiva, and  the  stitch  cjui  then  l>e  easily  withdrawn.  So  long  as 
the  thre;id  is  in  position  it  is  well  to  hold  hoth  eyes  clofted  by  a 
bandage. 

If  tlie  bilateral  o|>eration  does  not  prove  Ui  be  sufficient,  a  repeti- 
tion on  tlie  originally  stpnnting  eye  or  on  Ixjth  may  be  undertiiken. 

In  order  to  increase  the  eifect  of  the  operation,  one  ofien  hears 
the  advice  given,  to  hold  the  eye,  after  the  oi>eration,  continuously 
in  the  direction  opposite  t^)  the  s<|uiut.  It  is  evident  that  little 
can  be  expected  from  such  an  effort.   Let  any  one  try  how  long  he 
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hiraself  ran  hold  his  eyes  turned  to  one  side;  in  a  few  mintiteai 
fatigue  is  experienced,  and  involuntaril)*  the  liead  instead  of  the 
eye  is  turned  in  that  direction.  Little  more  can  be  a«xx»mjili.shed 
by  the  Ho-ealled  stnibisoius  spectacles,  which  entirely  cover  one 
eye  and  leave  for  the  otiier  only  an  eccentric  opening  on  the  side 
opposite  to  the  direction  of  the  squint.  More  is  uc^conl[»Us;he^l 
by  subjecting  the  antagonistic  muscle  to  methodical  orthopedic 
ejtemse,  either  before  or  some  days  after  the  operation.  Very 
considerable  defect*  of  movement  often  disappear  in  a  short  time 
undor  this  treatment. 
■  The  immediate  eifcct  of  an  operation  for  squint  may  be  dimin- 
ishcd  as  well  as  increased,  though  it  is  nut  so  often  necessary  to  do 
80.  The  method  is  by  placing  a  suture  in  the  conjunctival  wound 
pamllel  with  the  direction  of  the  muscle,  and  including  some  of 
the  subconjunctival  lif*tiue,  esjHH-ially  near  the  anterior  end  of  the 
divided  muscle.  The  muscle  is  by  this  means  drawn  forward,  or 
at  least  prevented  from  retracting  too  far. 

A  satisfactory  cosmetic  effect  may  l>e  almost  always  attained  by 
the  operation  for  squint.  Its  influence  upon  the  sight  in  the 
squinting  eye  and  upon  binocular  vL'iion  haSj  on  tlie  contrary, 
been  over-estimated.  The  oft'-repcated  assertion  that  immediately 
after  diviiling  one  of  the  ocular  muscles  a  considerable  improve- 
ment in  vision  may  occur,  is  so  contrary  to  all  known  physio- 
logical laws  that  it  can  be  accepted  oidy  after  furtlier  obserx-ations, 
which  must  be  invested  with  every  guarantee  of  nccnrac)'.  Only 
rejieated  teste  of  vision,  made  before  the  operation,  and  conducted 
both  with  reference  to  far  and  near  vision,  and  in  respect  to  the 
latter  wiade  with  the  help  of  convex  glasses  or  Calabar  extract, 
can  be  recH)gnized  as  proving  the  truth  of  so  improbable  a  state- 
ment. In  my  investigations  on  this  subject  I  have  found  no 
immediate  effect  on  the  acutene'^s  of  vision  from  tenotomy. 

So,  too,  the  oi)eration  for  squint  exercises  no  direct  influence 
^' upon  the  re-eetablishment  of  uormal  bimwular  vision,  except  in 
'  tho*ie  relatively  rare  cases  in  which  there  existed  l>ef(>re  the  oper- 
ation a  normal  correspondence  between  the  two  retiuw,  made 
evident  by  the  existing  diplopia. 

Von  Gniefe,*  indeed,  aseertcd  that  only  about  one-half  of  all 
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squinting  patients  rcniainod  after  operation  incapableof  the  binoc- 
ular visual  art,  nevertheless  lie  admitted  that  with  reforence  to 
tJie  other  half  nothing  more  oould  be  asserted  than  the  pijsaibility, 
in  eome  way  or  other,  of  bringing  doulile  images  to  their  notice. 
That,  however,  is  far  from  being  the  re-establishmeut  of  the 
normal  biuocular  visual  act. 

Knapp,*  too,  assertft  that  he  has  attained  the  re-c^tablishment  I 
of  binocular  fixation  in  fifty  |ior  cent,  of  his  oases,  but  he  goes  on  i 
imnie<lialely  to  say  that  bituKrular  fixation  is  not  identical  with 
bintK'uIor  single  visiou  or  with  stereoscopic  vision,  and  that  in 
many  of  these  patients — capable  of  binocidar  fixation — ilouble 
iQiagcs  could  in  no  way  Iw  provoked  by  prisms.  Of  course  this 
kind  of  binocular  fixation  has  nothing  in  common  with  uurntal 
binocular  single  vision. 

In  the  majority  of  cases  it  can  l>e  proved,  before  operation,  by 
examining  binocular  vision  with  prisma  or  Avith  the  stereoscope, 
that  no  disposition  exists  to  unite  the  two  retinal  images;  and, 

judging  from  my  expericDCC,  I  holtl  it  far  more  probable  that  in 
this  respect  nothing  is  changed  by  the  operation.  Even  in  cases  in 
which  there  was,  before  operation,  good  vision  on  both  sides,  and 
evident  trjici's«>f  a  former  normal  binocular  visual  act,  and  in  whiehj 
by  the  operation,  apparently  absolutely  correct  fixation  was  attained 
and  retained  for  several  mouths,  still  no  normal  binocular  vision 
returned.  It  is  true  that,  with  the  help  of  prisms,  double  images 
were  easily  provoketl  and  their  positions  rightly  stated;  with  the 
stcr«rM9cr)pe,  too,  an  undoubted  union  of  the  two  retinal  images 
jld  be  attainc<I,  even  when  this  did  not  always  occur  spi:)ntane- 

"onaly,  and,  nevertheless,  Hering's  experiment  gave  negative  re- 
Knits.  The  njjeration  had  restored  the  possibiliti,'  of  the  nonual 
binocular  visual  not,  but  as  a  general  thing  tliis  possibility  was 
not  taken  advantage  of. 
These  rcsultij  are  not  without  practical  consequences.  In  many 
of  strabismus  convergens  with   hypermctropia,  the  line  of 

^vision  deviates  inwanl  from  the  centre  of  the  cornea  more  (liau 
usual.  Just  as  with  pro|>er  binocular  fixation  this  condition 
lUfiea  an  apparent  strabismas  divergens,  so  in  the  case  of  strabis- 
mus convergeus  it  has  as  a  consequence,  that  a  satisfactory  position 
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as  regards  cosmetic  effect  may  be  obtained  in  spite  of  a  persistent 
convergence  of  the  vi^iunl  lines,  whieli  is  perfectly  apparent  when 
the  eyes  arc  use<l  aitoniutely  for  fixation.  The  removal  of  this 
Hiight  convergence,  when  there  is  no  pros|)ect  of  restoring  normal 
biinM^iilar  vision,  would  Ik;  no  advantage  to  the  |Milient,  hnt  an 
apparent  stnibibinus  divergens  would  be  caused  wliere  before  the 
cosmetic  effect  was  satisfactory. 

The  fact  that  In  many  cases  vf  iiypermetropia  the  lines  of 
vision  deviate  unosuany  far  inward  from  the  centre  of  the  cornea, 
may  favor  the  occurrence  of  strabismus  convergens;  at  all  events, 
it  makes  the  oi)eration  easier. 

I  But  after  operation,  even  if  a  slight  remaining  convergence  of 
the  visual  axes  be  not  hidden  by  a  deviation  outward  of  the  oorocal 
axes,  it  is  better,  in  the  ojKTation  for  convergent  squint,  ratfier  to 
do  too  little  than  too  much.  It  (1(h^  m)  harm  if  a  slight  degree , 
of  convergence  docs  remain,  for  a  gradual  improvement  iu  posi- 
tion may  be  hoped  for.  On  the  <jther  hand,  it  is  to  Ix,*  ft^red  that 
a  slight  divergence  remaining  after  openition  will  incresise,  and  in 
time  become  a  deformity. 

It  is  not  necessary  in  all  cases  of  strabismus  convergens  with 
hypermctropia,  to  correct  this  with  convex  glasses,  after  oj^teratiou; 
still,  cjL"es  occur  in  wliich  the  twrrectioii  of  the  hyjiermetropia 
is  necessary  in  order  to  overcome  the  squint.  The  nw^asity  of 
tJiis  is  always  to  be  su^^pet'ted  in  cases  where  the  i*eHiilt  is  at  first 
SJltisfact^^ry,  l»ut  where  a  few  weeks  afrer  tlie  operation  convergence 
reappears. 

Finally,  mention  should  Ix?  ma<le  of  certain  peculiarities  in  the 
niovemenLs  of  the  eyes,  which  may  occur  alter  the  operation  for 
sqaitit.  After  the  rectus  interuus  has  been  set  back  on  one  side 
there  often  apjK':irs  a  rcmarknhle  inequality  in  the  wpiinrfng  angle 
upon  change  of  tixaliou.  If,  for  instance,  there  was  strabismus 
convergens  on  the  right  aide  of  from  C  to  7  mm,,  which,  by  set- 
ting IwLck  the  right  rectus  intemus,  has  l)een  rwluced  to  3  or  4 
mm.,  it  may  happen  that  <lunng  fixation  witli  the  right  eye  the 
left  eye  will  deviate  inward,  not  3  or  4  mm.,  but  6  or  7  mra. 
W'hile  the  retlus  extcrnus  of  the  right  eye  turns  that  eye  3  or  4  mra. 
to  tlie  right,  the  rectus  iuternns  of  the  lefl  eye  turns  it  simulta- 
neously 6  or  7  mm.  in  the  same  direction;  there  appeai-s,  accord- 
ingly, to  be  a  striking  itiequality  iu  the  associated  muvcmeuts. 
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This  phenomenon  is  more  explicable  when  one  remembers  that  in 
such  ca<«es  not  only  an  as*<M*iat4'(l  but  nt  the  same  time  an  accom- 
u]o<lativc  movement  i.s  tnvolvwl.  Gcuorally,  the  object  fixed  is 
near  enough  to  require,  even  in  emmetropia,  an  effort  of  aocom-* 
nuMlation.  If  there  be  hvpi-nnetropia  uf  different  tlejrrccs  in  the 
two  eyes,  no  other  exj>innation  new!  be  sougbtj  aa  untler  tliege  cir- 
cumstances alone,  even  before  the  Ojxjration,  there  will  be  evident 
inequality  of  the  @4;|uintin^  angles  upon  chaiiire  of  fixafion.  But 
even  when  there  is  no  difference  in  refraction,  the  innervation  of 
the  recti  interni  muwlesj  assoeiated  with  the  aeeomniio<lation,  may 
cause  greater  convergence  in  the  eye  not  opei'atoil  on  than  in  the 
other,  tlie  insertion  of  whose  internus  has  been  set  back,  and 
whose  movement  has  thereby  been  Iimit<'d.  The  limitation  in 
movement  is  more  apparent  during  aooommodation  than  during 
tt«8oeinted  movements. 

It  ifi  often  obser\-ed,  after  operation  for  squint,  that  the  squint- 
ing eye,  when  the  effort  is  made  to  use  it  for  fixation,  shoots  with 
a  twitching  movement  Ix'yond  its  mark  before  it  sottk-s  in  steady 
fixation.  This  phenomenon,  wheti  it  occurs,  is  generally  olwervable 
only  for  some  few  days  after  the  oj>eration,  and  then  gradually  dis- 
ftp(>ears.  Evidently  in  these  cases  the  normal  relation  Ijctwcen  the 
eccentric  position  of  tlie  retinal  image  and  the  ocular  luovcnicnt 
which  must  be  made  in  order  that  the  image  be  cast  iqx>n  the 
macula  luteal,  is  broken  up  and  a  new  relation  gradually  estab- 
lished. 

Since  many  cases  of  strabismus  convergcns  occur  in  the  first 
years  of  chiUIhood,  the  question  often  ariftcs  whether  tlie  opera- 
tion for  squint  may  properly  l>e  undertaken  at  tliat  period  of  life. 
In  general,  the  question  may  be  answered  afhruiatively ;  it  is 
indeed  |>ossible  that  the  restoration  of  the  normal  visual  act  Is 
more  likely  to  happen  at  such  an  age  than  later.  But,  on  the 
other  hand,  it  is  to  be  reniemberetl  that  the  assistance  to  be  ob- 
taine<l  in  many  csl^cs  of  stral)ismus  convcrgens,  by  cf>rrecting  the 
hypermetropia,  can  ite  taken  advantage  of  only  at  a  more  ad- 
vanoetl  age.  It  is  generally  best  to  wait  until  the  mental  devel- 
opment of  the  child  is  such  that  at  least  an  exact  examiimtiou  is 
practicable.  Up  to  tlils  time  He|>arate  exercise  of  the  sr|uinting 
eye,  both  in  movement  and  in  vision,  should  l>c  praotisetl.     This 

best  accomplished  by  causing  the  [mtient  to  wear  during  several 
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horn's  of  each  day  a  pjiir  of  strabismus  spwruicles,  so  made  as  to 
cover,  with  an  (Opaque  glu**,  the  noriual  eye,  and  witli  an  ecx-enlric 
opening  ihv  the  other,  on  the  side  op|>o8ite  to  the  direction  of  tlie 
squint. 

It  i(?  often  beneficial  to  practise  niethcMlically,  looking  to  one 
side.  It  is  frequently  the  ease  tliat  thu  ontwurd  movement  of  the 
eye  used  for  fixation,  aa  well  as  the  stjuinting  oue^  is  defective, 
and  is  im]>roved  by  pnictiee.  The  strength  thns  given  to  the 
abdiu'ens  in  useful  when,  .somewhat  later,  an  ojwration  for  sctuint 
ia  performed. 


Bringing  forwanl  the  insertion  of  nn  ocular  muscle  Ims  hitherto 

l>een  piuctised  ]>rineipally  with  the  object  of  relieving  deformities 
wliioh  remain  as  the  result  of  exeessive  etFect  produf^l  by  (he 
•  opLM'iitiou  for  squiut.  It  is  not  proposed  in  this  place  to  enter 
ujxJii  the  history  of  this  oju'ration,  but  simply  to  tlescribe  a 
method  wliich  I  think  eonibines  all  the  p^ood  points  of  the 
various  operations  praetiswi  by  J.  Guerin,  Von  Gracfc,  Critohctt, 
Knajtp,  Liebmch,  and  Snellen. 

lu  the  first  place  the  shortened  muscle  is  divided,  as  above 
described,  and  tlie  antagonist  is  then  brought  forward  in  the  fol- 
lowing manner.  An  incision  is  made  in  the  conjunctiva  directly 
above  and  over  the  whole  extent  of  the  insertion  of  the  muscle. 
The  conjunctiva  and  sul>cfinjunctival  tissue  are  then  loosened  from 
the  sclera  by  the  scissors,  iis  far  as  the  margin  of  the  cornea,  and 
over  a  vertical  extent  oorres]>on4ling  to  the  wiiitii  of  the  insertion 
of  the  muscle  (10  to  12  iiitn.).  The  iitt:ichnient«  betWLiMi  the 
anterior  surface  of  the  muscle  and  the  wmjunctiva  are  also  divided 
back  to  u  distance  of  about  5  mm. 

Sim-e  in  this  operation  the  conjunctiva,  especially  near  the  cor- 
neal margin,  should  not  l>e  punctured,  it  is  best  to  use  roimd- 
pointed  scissors. 

At  one  e^d  of  the  insertion  of  the  muscle  an  incision  is  made 
in  the  capsule  of  Tenon,  through  which  a  flat,  blunt  hook  is 
thrust  lietweeu  the  muscle  and  the  sclera.  The  point  of  the 
hook  is  brought  out  through  another  incision  ma^le  at  the  other 
end  of  the  iivsertion.  The  sutures  are  now  to  be  iusertcil  in  the 
muscle. 

A  fine  waxed  silk  thread,  provided  with  a  needle  at  each  eud, 


:>B  STRABISMUS. 


135 


is  passed  alonj;^  (he  lifwk  uiuier  the  mu?olo,  and  t!io  needles  piussed 
tliri)ugh  it  from  the  S(.>leral  surf'ucc  outward,  in  such  n  innnnor  that 
the  loop  includes  a  {xirtion  of  the  middle  of  the  tendon,  2  or  3 
mm.  ill  brcudtii.  A  thread  ts  thou  placed  in  a  eiuiilar  munucr 
near  eufh  end  of  the  insprlioii. 

The  insertion  is  then  diviiktl  from  the  sclera,  leaving  the  tliree 
thrcmis  in  the  end  of  the  severed  tendon.  The  threa<ls  are  then 
brought  from  the  seleral  'surface  outward,  throufi^h  the  eonjnnc- 
tiviil  ftap,  near  the  margin  of  the  eornea,  and  tied  fat-t.  To  aysist 
in  their  recognition  it  is  well  to  have  the  sutures  of  ditferent 
colors. 

One  end  of  each  suture  is  eiit  oif  closely,  while  the  other  is 
left  snflfieiently  lon^  to  make  its  removal  on  the  second  or  third 
day  &isy.  Tu  avoid  altogether  the  difficult  la.sk  of  removing  the 
suture^,  tine  caitgut  may  Ik'  u.sctl  instead  of  silk,  and  in  that  i^sc 
both  ends  of  the  suture  are  cut  off  close  to  the  knot.  The  cou- 
junctival  wounds,  when  it  appears  necessary,  may  be  closed  by 
sutures. 

As  after-treatment,  it  appears  best  to  use  ice-dressings  for 
twcnty-fuur  or  thirty-six  hours,  and  then  apply  a  presssure- 
banduge. 

The  method  here  recommended,  of  inserting  the  sutures  in  the 
muscle  before  it  is  detached  i'rom  tlie  eclera,  greatly  facilitates 
ihe  operation.  If,  according  to  the  hitherto  usual  method,  the 
mu^'le  be  detached  before  securing  it  with  tlie  8Uture?^,  it  retracts 
by  virtue  of  its  elasticity  ;  to  draw  it  forward,  it  must  be  searched 
for  in  the  wound  witli  tlie  forceps,  which  each  time  ilraw  out 
little  more  than  the  few  bundles  of  fibres  wliicli  they  giii-^p. 
This  unpleasant  manccuvrc  has  to  be  repeate<l  for  each  suture 
which  is  inserted. 

The  indications  for  this  procedure  I  consider  mor<;  frequeat 
than  has  generally  been  thought.  It  is  advisable  for  all  cases  of 
high  degrees  of  strabismus  with  marked  amblyopia  in  the  squint- 
ing eye. 

If  under  tlitwe  circumstances  the  operation  for  squint  be  di- 
vided in  the  u^iial  manner  between  the  two  eyes,  the  eflcct  upon 
the  6<piinting  eye  is  generally  much  less  than  n|H)n  the  otlier, 
because  its  externus  has  become  stretched  and  has  lost  its  elas- 
ticity.    The  greater  part  of  the  correction,  under  these  circum- 
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Btaiiot'S,  is  ^iierally  from  (he  effect  of  the  o|;)eration  on  the  normal 
cyOf  in  which  the  clastie  tension  of  the  antagonistic  muscle  ifl  normal. 
The  operation  of  bringing  forward  the  insertion  of  this  muficle, 
gives  us  a  very  simple  meiuis  of  increasing  its  elastic  tension,  and 
so  attaining  a  satisiiictory  decree  of  corretlion.  Even  in  extreme 
cases  of  strabismus  converjjens,  one  may  almost  always  expect  by 
the  openxtion  above  doscribe<l  to  obtain  a  satisfactory  cxwmctic 
effect. 

Many  patients  with  very  defective  vision  in  the  squinting  eye 
I  shrink  from  submitting  their  single  good  eye  to  an  operation  from 
I  whifli  only  n  cosmetic  oflcot  is  to  be  obtainotl. 

The  (ihjection  niisttl  by  Von  Graefe,*  that  after  bringing  for- 
ward the  rectus  externiis  the  caruncle  remains  too  deeply  sunkeu 
and  motion  is  too  much  limited,  has  not  been  confirmed  by  my 
experience.  Cases  of  extrenie  strabismus  convergent*,  with  am- 
blyopia of  the  squinting  eye,  require,  when  simple  tenotomy  is 
peri'onncd,  generally  no  less  than  three  oijcrationa, — two  tm  the 
Hqiiiiiting  and  one  on  the  normal  eye.  In  such  cases  the  caruncle 
of  both  eyes  is  sunken^  and  on  the  squinting  eye  certainly  not 
iefis  tiian  after  bringing  fnrwanl  the  externus.  A.S  to  the  limita- 
tion of  movement  following  this  operation,  it  is  not  of  much 
importance,  provided  tlie  squinting  eye  is  highly  amblyopic. 

li'  in  strabismus  conveniens  both  eyes  possess  a  fair  degree  of 
vision,  the  tenotomy  of  both  recti  interni  is  to  bo  preierred  as  a 
ndc,  but  the  operation  for  bringing  forward  the  insertion  of  the 
antagonist  may  still  be  indicated  by  defect  of  motion  toward  that 
side. 

The  o[>emtion  of  bringing  forward  the  intcniua  is  the  treatment 
princi|>ally  relic<l  on  In  disfiguring  strabismus  divergens.  In  cases 
of  cxtrc*me  divergence,  with  loss  of  the  power  of  convei^cnee,  the 
eflect  of  a  simple  t^motomy  of  the  externus  is  too  .flight,  but  the 
etfect  also  of  bringing  forwar<l  the  intenins  is  somewhat  less  than 
that  of  the  operatiim  on  the  externus  in  wjnverging  scpiint.  Since 
the  insertion  of  the  retntus  externus  is  8  mm.  and  tiiat  of  the  rectus 
internus  only  6  mm.  behind  the  margin  of  the  cornea,  the  muscles 
can  be  brought  forward  only  corresponding  distances,  unless  a 
pieoe  be  cut  from  their  anterior  ends,     ^levertheless,  as  much 
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may  be  exixjctcd  from  tenotomy  of  the  exteraus  and  bringing 
fonvani  the  internnsof  the  ^ninting  eye  as  from  three  operations 
of  simple  tenotomy  distributed  between  t!ie  two  eyes. 

For  extreme  cases  of  strabismus  divergcus  it  is  advisable  to 
di%Hde  tlie  extern!  and  hring  forward  tlie  intcrni  on  lK)th  sides. 

The  red  color  of  the  uiupcle  wliicli  has  been  brought  forward  la 
perceptible  for  eorac  time  through  the  conjunctiva.  After  some 
months,  however,  this  slight  cosmetic  defect  disap[)cars. 

m'STAGMUS. 

Sy  nystagmus  is  understood  a  continuous  oecillating  movement 
Hheeycs,  The  movement  is  generally  in  a  horizontal  dire<!tion, 
often  witli  a  simultaneous  rotation  alxmt  the  visual  axlij,  and  very 
seldom  in  a  vertiml  direction.  Often  the  nystagmus  is  greater  in 
certain  positions  of  the  eyes  than  in  others,  so  Uiat  such  patients 

'■me  with  the  eyes  directe<l  to  one  side  Ix'ttcr  than  when  vision  is 
directed  straight  forward. 

.Some  cases  are  ctirnplicated  by  a  simitar  oscillation  of  the  head, 
but  in  an  opposite  diret^jion  about  the  vertical  axis. 

In  most  cases  nystagmus  occurs  in  early  childhoo<l,  perhaps 
even  congenitallv,  and  it  apppars  that  amblyopia  (exercises  the 
greatest  iutluence  upon  the  development  of  this  anomaly.     BJlat- 

L€ral  amblyopia  congenita,  corneal  opacities  following  blenuorrluca 
neonatorum  or  from  other  causes,  cataracta  congenita,  or  total 
bltndnca>!  in  childhood,  olteu  lead  to  nysLigmus.     Cases  of  high 

fdegreesof  albinismus  always  present  this  complicutioD.  In  uuuiy 
cases  one  eye  is  amblyopic  Iti  a  higher  degree  than  the  other. 
AUhotigh  the  influcnne  wluth  amblyopia,  existing  in  early  child- 
hood, exerts  uyKtn  the  occurrence  of  nystagmus,  is  so  great,  it 
appears  that  there  must  simultaneously  be  other  essential  con- 
current causes,  since  there  are  frequent  olscs  of  amblyopia,  either 
ooDgenital  or  acquire*!  in  early  ehildhooil,  with  absolutely  steady 
fixation.  Normal  acuity  of  vision,  at  all  events,  does  not  appear 
to  exist  in  connection  with  nystagmus,  but  vision  is  often  sufficient 
for  ordinary  occn|»ations,  reading,  etc.,  though  it  is  difficult  to  un- 
derstand how,  during  the  continual  oscillationSj  so  distinct  a  recog- 
nition of  the  retinal  images  is  possible.  Tlie  ap^mrent  movements 
of  tlte  obj certs  which  would  l)e  e.x|>ected  under  the  circumataiicea 
are  acaroely  ever  noticed  by  the  patients. 
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In  mtmy  cases,  strabismus  convergens  oo-exibis,  but  the  operation 

for  its  relief  is  not  contra- indicated  by  the  nystagmus. 

A  very  iMKiuIiiir  form  of  nystjigmus  is  that  which  occurs  prin- 
cipally among  miners.*  The  nystagmus  comes  on  first  while 
working  in  the  darkness  of  the  mines.  As  it  progresses,  it  lasts 
throughout  the  day,  but  greatly  inci-eases  as  twilight  ooraes  on. 
In  this  condition,  also,  the  nystagmus  is  generally  less  in  certain 
directions  of  vision.  By  bright  daylight,  vision  and  the  ocular 
movement.s  are  normal,  but  as  the  Mglu  decrpases,  not  only  is  the 
nystJigmus  increased,  but  a  disproportionate  decrease  in  the  sensi- 
bility of  the  retina  is  apparent  (liemeralopia  from  tor|ior  retina). 

It  is  uotieeubie  that  theijc  patients  are  greatly  annoyed  and 
made  diz/y  by  the  apparent  movement  of  objects,  due  to  the 
nystagmus.  We  recognize  here  again  a  confirmation  of  the  em- 
pirical theory  of  vision.  Individuals  who,  since  their  earliest 
childluMKl,  have  been  the  subjects  of  nystagmus,  learn  tliat  tlie 
movement  of  the  image  which  it  causes  upon  the  retina  does  not 
corresjiond  to  a  movement  of  the  object ;  if,  on  the  contrary,  the 
normal  visual  act  has  once  become  habitual,  the  movements  of 
the  image  will  be  referred  to  movements  of  the  object. 

This  affection  is  probiibly  due  to  the  work  dune  by  the  insuf- 
ficient light  of  the  miners'  lamps,  and  with  the  eyes  turned  in  a 
very  inconvenient  position.  Frecjuently  the  miners  work  lying  in 
a  pnnic  position,  with  a  strained  upward  direction  of  the  eyes. 

A  tonic  treatment,  absolute  rest  of  the  eyes,  the  use  of  the  in- 
duction current  and  the  alcoholic  extract  of  nux  vomica  (pill  0.02 
gniinines  ]>cr  dose  =  jj  grain)  have  been  found  u.«eful. 

Unilateral  nystagmus  lias  been  observetl.  Zehcnderf  has  de- 
scribed a  remarkable  case  of  this  sort;  one  eye  jwssessed  normal 
vision,  ihe  other,  blind  wtthont  any  cause  which  could  be  detected 
by  the  i)phtlialm<)scope,  iKscillatwl  in  a  vertical  direction. 

Nystagmus  often  becomes  less  in  a<ivanced  life;  treatment  is  of 
no  benefit. 


*  P.  Scbrdter,  Aoquirirter  Nystagmus  boi  Borgleuten,  KUn,  Monatsbl.  fikr 

Aiigenhcilk.,  1871,  pn^.  135;  und  Dr.  Ntodrn,  Ueber  XyslMi^tniiii  iil«  Fulge- 
zuatiind  von  Ucmeralupie,  Berliner  kliii.  WcK-heiischrifl,  1874,  No.  47. 
t  Kliii.  MunaUbl.  f.  Augcnticilk.,  1870,  pag.  112. 
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AFFECTIONS  OF  THE  ORBIT. 


lypLAMMATlON  OP  THE  TISStTES,  AND  CARTES  OR  NECROSIS 
OF  THE   ORBITAL  WALLS. 

Inflammation  of  the  orbital  adipose  and  connective  tissue 
oopore  rarely  as  an  in(le|>endcnf  affection ;  it  is  more  frequent  in 
connection  \vit!i  |»eriastitis.  Diseases  of  the  neighborinji;  boiici?,  of 
the  base  of  the  skull,  of  the  zygomatic  or  pterygo-palatine  fnssa, 
may  cause  un  inflammatory  infiltration  of  the  orbital  tissue,  with 
protrusion  and  Kx-^s  of  niovoinent  of  the  eye.  Pnthological  jiro- 
ccft^es  in  the  nei^hborinj;  iKiny  c:ivities,  in  the  frontal  an*!  ethmoiilal 
stinisvs,  and  in  the  antrum  of  Hii^hninre,  cause  like  effects,  especi- 
ally when  colle<^ions  of  pns  or  morbid  growths  in  these  localities 
break  through  the  orbital  walls.  The  cause  is  often  a  traumatic 
Ode,  such  as  a  contusion  or  wound  in  this  region,  the  penetration 
of  a  foreign  body  into  the  orbit,  or  an  openition,  for  instance,  tliat 
for  squint*  or  for  extirpation  of  the  lachrymal  gland.  Other 
cases  occur  as  pncrjierul  nictafita-sofi,  as  one  of  the  symj>toma  of 
(;Iimders,  or  iu  connection  with  facial  erysipelas.  Typhoid,  scarlet 
fever,  and  smallpox  liavc  been  suggested  as  cause*!,  and  Tjcydenf 
lias  cidled  atUuition  to  the  fact  that  a  hemorrhagic  purulent  in- 
flammalion  of  the  orbital  tissue  may  result  from  purnlent  menin- 
gitis. The  etiologiral  relation  between  (he  two  affeetions  is  to 
be  explained  by  the  anatimiii-jd  <!nnne<!tion  which  SeliwalbeJ  ha;* 
shown  to  exist  between  the  nmchnoidnl  space  and  the  lymph- 
i^paces  wliich  surround  the  external  sheath  of  tlie  optic  nerve  and 
pass  over  into  Tenon's  space. 

The  symptoms  vary  according  tx>  whether  all  the  fatty  tissue  of 
the  orbit  is  diffusely  inflamwl  or  the  aflfection  is  a  more  localized 
one. 


•  I>ntrnarr««,  MftlnHip*  (Ipji  Yeux,  tomo  i.  pni;.  170,  Phtw,  1854. 
f  Virchow'a  Arcliiv  fur  pnlli.  Aiiut.,  iBilJ,  B.  29,  pag.  197. 
{  Archiv  f&r  microscop.  Anatomie,  B.  vi. 
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iNnjvmrATioi?  of  the  orbital  tissues. 


CaseB  of  the  latter  kind  are  generally  due  to  trauraRtic  can 
or  to  circ-uiutR-ribcd  iK'rinstttis  of  tlio  orbit.  Cases  of  diffuse  in- 
fliimnmtion  of  the  orbital  fat  develop  with  dwp-seatetl  |Miiii  and 
with  influnimati:)ry  sweHing,  by  which  the  eyeball  is  forced  for- 
wnnl  in  tlio  iliroi'tion  of  the  axi?;  of  tlie  orbit ;  at  the  same  time 
alt  it.-*  Jiiovemetits  arc  quite  uniformly  interfered  with,  siuoc  the 
ocular  luust'lcs  participsitc  in  the  heoiorrhagic  purulent  inflaiunia- 
iion.  Swelling  and  hytwncmia  of  the  lids  and  conjunctiva  soon 
follow. 

Cheniosis  is  not  always  present,  but  it  may  become  w>  oonsider- 
abl<;  that  the  fornix  conjrnictivte  [u-ntrud*^  and  the  cornea  is  snr- 
rouinJed  by  a  wall-like  swelling.  If  the  pmtrusion  of  the  eyeball 
l)e  but  slight,  it  may  Iw  entirely  maskctl  by  the  chem«»sis»  and 
under  these  circumstaneea,  especially  if  the  development  of  the 
disease  has  not  Wen  fol!o\vo<l  from  the  beginning,  there  is  danger 
of  mistaking  it  for  bI<Miiuirrlin'a,  if  that  error  !«  not  guarded 
against  by  ol>serving  the  absence  of  the  characteristic  secretion. 
The  swelling  of  the  lids,  especially  of  the  iip|MT  one,  U  generally 
considerable ;  the  skin  is  dark  red,  smooth,  and  shining ;  dibturl>- 
anecs  of  the  general  condition,  fever,  etc.,  usually  are  present. 

Resolution  does  not  often  (Kvur;  the  inflammation  generally 
goes  on  to  suppumtion.  Tiic  skin  becomes  a  darker  redj  U|K)u 
everting  the  lids  the  fornix  eonjunctiviE  ap[>ears  swollen  and  often 
yellow  from  tlie  pus  beiicatli.  Fluctuation  may  lie  detectu<i  be- 
tween the  eyelwill  and  tlic  orbital  walk     Finally  the  ab^eess  breaks. 

Purulent  jieriostitis  of  the  orbit  may  cause  nearly  the  same 
symptoms  as  genuine  inflamnmtion  of  the  orbital  fatly  tissues,  and 
may  wftti  the  greatest  probability  be  assume<l  to  exist  when  the 
margin  of  thy  orbit  ia  sensitive  to  pref«nre.  According  to  Von 
Gracfe,*  the  skin  and  the  subcutaneous  connective  tissue  do  not 
so  soon  become  involve<l  in  pcrioistitis  as  in  inflammation  of  the 
fatty  tissue. 

Moreover,  the  secondary  participation  of  the  connective  tissue 
is  apt  in  periostitis  to  ecmcenlrate  in  the  neighborhood  of  the 
affected  spiit,  and  the  eyeball  is  therefore  more  frwpa'utly  furcwl 
to  one  side;  the  limitation  of  movement,  too,  is  greater  in  some 
direciiona  than  in  others.     Nevertheless,  tlie  diagnosis  is  often 


EHn.  Moimtdbl.  fur  Augenbeilk.,  1863,  pag.  fil. 
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iincertiiin  till  the  o|wning  of  the  abscess;  it  may  then  be  mmle 
positive  by  examination  with  the  souikI  :uh1  by  the  oharactor  of 
ihe  |ius,  which,  if  the  bony  walk  of  the  nrhit  be  diseased,  has  the 
ft-'tid  smell  and  other  ptvuliarities  of  bone  pus. 

In  making  the  protriiosis,  various  possibilities  are  to  \)e  remom- 
l>ere<l.  An  aeuto  caries  or  necrosis  of.  the  .su|H;rior  orbital  wall 
may  cause  a  fatal  brain  affection ;  moreover,  vision  is  greatly 
endangered. 

The  exophthalmns  may  become  so  extreme  timt  the  eye  can  no 
lon^^er  be  covered  by  the  lids.  In  consequence  of  this  the  (Jornea 
bedtimes  cloudy  and  linally  nieeratos. 

Oftoner  the  eye  is  cndangorftl,  not  so  much  by  the  exophthnlmus 
as  by  the  influnimutory  process  in  tlie  orbit.  Blindness  is  gener- 
ally caiisetl  by  neuritis  optica,  in  many  eases,  too,  by  retro-ocular 
neuritis,  which  can  bo  reoognizeil  ophthahnoseopically  only  by  its 
final  res^ult, — that  is,  the  atrophic  degeneration  of  the  intraocular 
termination  of  the  optic  nerve. 

Ijcss  frwpicutly,  blindness  is  wiused  by  dctac^hnient  of  the  retina, 
or  purulent  irido-choroiditis.  Both  conipliwitions  nmy  be  ex- 
plained by  the  communication  which  S(;hwaU>e  has  shown  to  exist 
between  the  space  of  Tenon  and  the  supra-choroidal  lymph-space 
deticribeil  by  him. 

The  course  is  generally  acute,  and,  unless  due  to  bone  disease, 
is  endf^l  in  a  few  weeks;  still,  wiscfl  do  occur  of  chronic  inflam- 
mation of  the  orbital  connective  tissue,  which  go  on  finally  to 
suppuration,  and  which,  extending  through  several  months,  may 
present  the  greatest  diagnostic  dilTicultics.  In  these  cases,  after 
the  opening  of  the  abscess,  there  oiten  remains  a  long-persisting 
ptinilent  discharge,  even  when  no  disease  of  ihe  bone  exists. 

A  milder  non-purulent  furni  of  inflammation  of  the  orbital 
Ofwinective  tifeue  has  been  described  under  the  name  of  iuflamma- 
tioD  of  the  capsule  of  Tenon  ;  this  dclinition  ought  not  to  be  taken 
too  literally,  since  it  is  not  likely  tliat  an  inflamniatory  process 
which  manifests  itself  by  distinct  symptoms  could  be  limited  to 
the  ea[»sule  of  Tenon  alone  without  involving  the  orbital  con- 
nective tiseae.  The  symptoms  are  the  same  as  those  "given 
above,  only  less  severe. 

The  lids  are  either  nornuil  or  onlematous,  tlie  conjunctiva,  espe- 
cially in  the  fornix  and  upon  the  sclera,  is  hypenemic  and  much 


194 


INPr-AMMATIOS  OF  THE  ORBITAT^  TISeUES. 


swelled  ;  there  is  £K>me  exophthalmos  ami  slight  Hmitation  of 
movement 

The  prognosis  in  the  raiWer  cases  is  generally  good;  still,  they 
may  cause  retinal  detachment. 

The  course  is  generally  acute,  hut  it  may  liea^me  chronic, 

Trmitiwnt. — In  mild  cases  of  inflammation  of  the  orbital  areo- 
lar tissue  it  is  sufficient,  after  a  proper  antiphlogistic  treain»ent, 
to  use  merely  warm  foiiientatiotm  and  the  ]irL'ti8iire-l«indage. 

If  the  inflammation  be  ficvere  from  the  iK-ginning,  decided 
antiphlogistic  treatment  is  indicated.  When  it  becomes  probable 
that  the  process  will  go  on  to  suppuratitm,  that  result  is  to  be 
hast<?ncd  by  the  use  of  warm  poultices,  and  tlic  abscess  should  \ie 
openctl  as  soon  as  fluctuation  can  hv  perceived.  Es|>ecially  iu 
tlii>se  casefi  where  jjeriostitis  of  the  orbit  is  siwpected  must  the 
puncture  be  made  as  soon  as  possible,  in  order  to  prevent  widfr- 
spreail  exposure  of  the  bone. 

The  abscess  is  to  be  kept  open  by  a  charpie  teut,  and,  according 
to  circumstances,  is  to  be  cxamimxl  I'itluT  immediately  or  some- 
what later  with  the  probe.  In  tJmt  way  the  dcptli  mid  character 
of  the  abscess  and  the  condition  of  the  bony  walls  are  determined. 

It  must,  at  the  same  time,  Iw  rememl>ored  tliat  a  foreign  body 
may  remain  a  long  time  in  the  orbit,  and  there  cause  the  forma- 
tion of  an  abscess,  without  the  patient  being  able  to  give  any 
certain  information  respecting  its  presence. 

If  the  cavity  of  the  al>scess  be  large,  if  it  has  pockets,  and 
penetrates  behind  the  eyeball,  it  must  be  cleansed  by  frequent 
syringing,  and  must  be  kept  open  till  it  heals  from  tlie  Imttom. 
It  is  advisable  in  these  cases  to  insert  a  draiuage-tulM:  uud  ihua 
insure  au  easy  escape  for  the  pus.  The  same  practice  is  to  be 
recommended  when  the  bono  is  diseased.  Care  must  be  taken  to 
remove  all  loctse  pieces  of  bone. 

Caries  and  necrosis  of  the  orbital  margin  are  most  frequent  on 
the  outer  under  |>ortion,  generally  in  scrofulous  children,  and  in 
the  majority  of  cases  are  due  to  traumatic  «uises.  The  portion  of 
tlie  orbital  margin  in  the  neighlxirhooil  of  the  lachrymal  gland  is 
the  one  next  likely  to  be  discjisctL 

Generally,  but  not  always,  a  swelling  develops  above  or  below 
the  external  canthus,  with  rc<idening  of  the  skin  and  pain ;  this 
gradually  becomes  fluctuating.     The  eyelids  become  swollen  and 
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ScmntoiLs;  th©  conjunctiva  becomes  inflamofl;  slight  fever  be- 
^ns;  tlie  abscess  ]>ointRj  and  fiiiully  brcaiks.  Nevertheless,  the 
inflammatory  symptoms  of  the  skin  and  ccmjunctiva  pcrfilst;  tlie 
secretion  of  pus  in  the  cavity  of  the  abscess  continues,  the  open- 
ing becomes  6stuluu8,  its  edges  uniting  with  the  periosteum,  while 
the  denuded  bone  can  i>e  felt  with  the  prt^Iw.  When  the  swelling 
of  the  lids  has  disapi>eared,  and  the  skiu  is  closely  united  with  the 
perioeteum,  pftrtions  of  the  carious  margin  of  the  Itone  may  lie 
exposed  to  uight. 

Finally,  the  fascia  tarso-orbitalis,  by  attadiment  to  the  diseaeed 
bony  ppot  and  by  ulceration,  becomes  shortened,  and  ectropion  of 

I  the  lid  is  caascd. 
A  similar  form  of  caries  or  necrosis  occurs  in  aged  individuals, 
generally  on  the  upper  orbital  roof.     The  cause  can  seldom  lie 
recognized.     It  runs  the  same  course  as  disease  of  the  margin  of 
the  orbit. 
If  Kuch  cast*  come  under  treatment  early  enough,  the  abscess  is 
to  be  oi)ened  a;*  soon  as  |>ossible,  and  as  far  back  from  the  orbital 
wargin  as  ciivumstauees  allow. 
-  EXOPHTHALMUS   FROM   MORBUS   BASEDOWII. 

"Basedow's  disease  presents  a  group  of  symptoms,  the  principal 
of  which  are  palpitation  of  the  heart,  abnormal  frequency  of  the 
pulse  (100  Imit.s  and  more  per  minute),  swelling  of  the  thyroid 
gland,  and  exophtluilnias.  Often,  es|)ecially  in  the  beginning  of 
tlie  diseaste,  there  are  disturbanoes  of  digestion,  manifested  by' 
frequent  vomiting. 

kin  almost  all  cases  the  heart  is  found  to  be  enlarged  and  gen- 
erally dilated,  the  dilatation  being  greatest  in  the  left  ventricle. 
Abnormal  cnnditious  of  the  valves  have  been  foun<l  in  only  a 
few  cases.  The  h^'pertrophy  of  the  heart  appears  to  develop  in 
the  course  of  the  disease. 

The  condition  of  the  thyroid  gland  varies  greatly  during  life. 
As  a  rule,  it  is  not  so  much  enlarge<l  as  in  ordinary  goitre,  and 
still  its  size  is  considerably  inereaswl.  The  most  striking  change 
observed  iu  it  is  a  great  development  of  the  vessels,  in  which  a 
diastolic  pulsation  and  murnuir  are  frequently  perteptible. 

At  first  there  is  a  simple  swelling  of  the  thyroid  gland.  In 
time  it  may  develop  into  true  goitre,  {mssing  through  the  various 
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sta^^  of,  first,  a  uniform  Iivjiorplasia,  tlicn  colloid  and  oystio 
degfiieration  or  ipn^trular  61)r(ml  indiinition. 

Thv  aiUi^e  of  the  exoplithidnius  ia  8oiiielImes  a  hyjK*rtro|ihy  of 
the  fatty  tissues  of  the  orbitj  but  more  frequently  it  is  a  hy|>cr- 
jemin  of  these  tissues,  which  can  easily  \)c  overcome  hy  prc»^are 
durin<r  Hfu,  and  disu]){>ear8  after  deiith.*  An  oliservatioii  made 
by  Snellent  shows  enlargement  of  the  orbital  vessels.  He  ob- 
serveil  in  a  c;ise  of  morbus  Ba.sedowii,  while  examining  the  eye 
with  the  stethoscope,  a  distinct  vascular  murmur,  analogous  to 
the  placental  murmur,  but  with  a  slighter  systolic  augmentation. 
Such  rniirmufs  occur  only  in  places  where  the  1)1  ood -channels 
expand,  and,  (KX'urring  in  connct^tion  wilh  exophthalmus,  tlicy 
argue  a  distention  of  the  orbital  ves^tels. 

Theexophthalmus  is  generally  bilalf'nd  and  symmetrical;  still, 
it  sometimes  liappcns  tliiit  it  oirnrs  first  on  oneside,  or,  at  least,  is 
greater  on  one  side  tlian  on  the  other.  It  may  be  ver>'  slight,  or  it 
may  be  so  grwit  that  the  lids  can  no  longer  Ik;  brought  together, 

A  valuable  diaj^iastin  sign,  especially  at  the  l>cginning  of  the 
disease,  is  a  peculiar  distnrbai»ce  of  innervation  in  the  upper  lid, 
to  which  attonLJon  was  fiivt  dirccteil  by  V^ou  Graefe4 

While  normally  the  upper  lid  accompanies  the  rising  and  fall- 
ing of  the  plane  of  vision,  in  liasedow's  disease  this  movement 
is  lost  or  reduced  to  a  minimum.  Particidarly  when  the  cornea 
sinks,  the  upper  lid  fails  to  follow  it.  This  is. not  a  direct  con- 
sequence of  the  exophthahnus,  for  with  tumors  of  the  orbit,  or 
Other  causes  for  protrusion,  this  symptom  is  often  entirely  absent, 
altiiough  in  extreme  cases  tlie  movements  of  the  lids  arc  naturally 
interleied  with.  But  it  is  present  in  tlie  slightest  cases  of  exoph- 
thalmus  from  Bas«h)w'a  disease,  where  the  normal  position  of 
the  eyeball  has  been  but  slightly  aUere<l.  Tiiis  sympt4>m  may 
disappear  in  the  course  of  the  diseas4»,  while  the  ex(>[)hthalmus 
continues.  In  one  case  Von  Graefe  saw  a  sudden  disappearance 
of  the  syn»]vtom  after  an  injection  of  morphine. 

Yon  t:3tellwag§  calJb  attention  to  the  uuusual  distention  of  the 


*  Oomp.  Virchow,  Die  krankhaften  Geschwulste,  B.  iii.  1,  pag.  7ft-86. 

t  Arcli.  r  Oplith.,  B.  xvii.  !,  pag.  102. 

}  I>eut£dic  Klinik,  1604,  Nu.  Hi. 

I  Wiener  mod.  Jahrbiichcr,  U.  Hoft,  1869. 


exophthaO 


SASBDOWn. 


197 


pftlpcbral  fissupc,  and  to  the  infrcqucnc)'  anti  only  partial  execu- 
tion of  thr  involuntary  act  of  winkinj^,  statinj;  timt  tlicwe  belong 
to  tlie  most  fre<]uent  symptomn,  and  referriiif^  them,  as  well  as  the 
defective  associated  movement  of  the  lid,  above  described,  to  dis- 
turlxnl  innervatictn  iu  the  orbicularis  muscle. 

In  favor  of  this  view  we  have  tlie  circumstance  that  cases  occur 
in  which,  widi  loss  of  the  associated  movement  of  the  upper  lid, 
but  with  scarcely  any  perceptible  pi'otnision  of  the  eye,  the  volun- 
tan,-  cloMire  of  the  lids  is  a<*complis]io*l  only  wttli  the  greatest 
effort:  a  Kimplc  spastic  contraction  of  H.  Mullet's  smooth  mus- 
cular fibres  of  the  npf>er  ltd  could  oppose  no  very  great  resifitauoe 
to  the  noruiul  uctiou  of  the  orbicularis. 

The  movements  of  the  eye  are  generally  unobstructed ;  yet  in 
high  degrees  of  exophthalmus  they  may  Ijc  interfered  with  by  the 
stretching  of  the  muscles.  Paralysis  and  fatty  degeueniLiou*  of 
tJie  ocular  muscles  have  been  observed. 

If  the  exnphtlmtmus  be  so  excessive  tbnt  the  cornea  is  not  covered 
during  sleep,  there  is  danger  of  blindness  being  cansetl  by  ulcer- 
ation of  the  cornea.  This  serious  result  seems  soniewliat  more 
frequent  in  BastMhtw's  disease  than  in  other  aises  of  chnmic  ex- 
ophthalmiis.  Aouordingly,  Von  Graefe  is  inclinetl  to  regard  liie 
corneal  affection  as  possessing  a  nenro-i>aralytic  character,  and  all 
the  more  since,  in  the  advanced  stages  of  the  disease,  a  diminished 
sensibility  of  the  cornea  is  o\\ei\  observed. 

The  general  cause  of  all  these  symptoms  must  He  in  the  ner- 
vous system ;  but  it  cannot  be  said  tliat  it  has  as  yet  been  certainly 
discovered. 

The  majority  of  cases  occur  in  the  female  sex,  and  develop  gen- 
erally at  the  lime  of  puberty,  or  after  ooufinemenU  Pnwtrutiug 
sicknesses'  have  Iwen  reganleil  as  causes  ;  for  instance,  typhus, 
cohls  in  the  throat,  and  oftenest  chlorosis.  According  to  A"on 
Graefe,  the  diseat»c  occurs  iu  mcu  not  only  less  frccjuently,  but 
later  in  life,  than  in  wonu-n  ;  it  also  seems  to  be  more  dangerous. 
Both  blindness  from  corneal  destruction  ami  fatal  terminations  of 
the  disease  have  been  observed  much  more  frcfpicntly  in  men, 
although  the  disease  is  much  less  frequent  with  them  than  with 
woDieo. 


R«cklinglmuMn,  Dcuuchc  KIlDik,  1B63,  Vo.  29,  pag.  286. 
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Death  follows  upon  the  incToai%of  nil  the  symptomn,  sometimes 
very  mpi<lly,  with  j^rtat  anxiety  and  ceivbnil  dlsturbarK-e^,  but 
generally  pradnally,  with  ilecline  of  nutrition  and  of  the  strength. 
Oopioua  and  frt>4picntlydyt«cntenc  diarrhcea  and  hcmurrhage  from 
tlie  Uinj^rs  are  ajit  to  hasten  the  end. 

In  other  casw,  sonictimcs  after  very  short  duration  of  the  dis- 
ease, recovery  occurs,  or,  at  least,  there  is  such  a  initigattou  of  the 
symptoms  that  they  cause  little  inconvenience. 

Iodine  haa  selilom,  but  digitalis  liii.s  often,  proved  useful., 
Tinct.  veratri  viridis  is  reconunended,  beginning  with  cue  drop 
daily,  and  gnidually  inci'easing:  Iwst  given  in  cond>ination  with 
tinct.  opii,  since  tlie  vcratrum  easily  provokes  diarrliu^  and  vomit- 
ing. Preparations  of  iron,  oold-water  treatment,  sea-bathing,  and 
nutritions  diet  appear  of  the  greiitest  use.  Ti»e  galvaniziuion 
of  the  8ymt>atlietic  nerve  has  also  in  some  cases  appeaixtl  to  be 
beneficial.* 

Corneal  afleetions  occnrrinf:;  in  the  course  of  tlie  disease  re<juire 
atropine  and  the  pressure-bandage. 

In  order  to  diminii^h  the  gaping  of  the  lids,  Von  Graefef  at 
first  reooniineiuled  the  operation  of  tarsorraphy ;  later,  the  jiartial 
division  of  the  tendon  of  the  levator  ptdpebrse  superioris. 

KXOPHTUALMUa    FKOM    VENOUS    HYPKK.«3[IA. 

A  similar  form  of  cxophthahnus  is  due  tu  «uises  which  obstruc 
tlie  Jlow  of  venous  blood  out  of  the  orbit ;  for  iustanti',  thrombus 
of  the  ophthalmic  vein,  or  its  compression  by  a  tumor. 

The  causes  of  this  nire  form  of  cxophtlialmus  cannot  always 
be  (letermined.  They  are  often  of  a  transitory  nature,  since  the 
affection  sometimes  disappears  in  the  conrae  of  a  few  months, 
either  spontaneously  or  under  a  nwirly  indifferent  treatment. 

Another  group  of  these  cases  presents  the  [wculiar  phenomenon 
of  a  pulsating  exophtlmlmus. 

The  pulssttion  in  tlie  eye,  the  orbit,  and  even  in  the  foreljea<l 
and  temple,  and  the  sound  of  the  accompanying  murmur,  are 
perceptible  to  the  patient,  and  very  antiuying  to  him.  The 
protruding  eyeljall  may  often  be  gradually  pusheiJ  Iwick  in  the 


*  M.  Meyer,  Berliner  KUnische  WochcnBcbrift,  1872,  i>ag.  4fi9. 

t  Arah.  r.  Ophtb.,  B.  tii.  2,  pug.  302.  und  Klin.  Monatsbl.,  1867.  pug.  272. 
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orbiti  but  imrucdiately  comes  forward  agaiu  when  the  pressure  U 
rtinnvc<l. 

The  anatomical  causes  of  this  pulsating  exophthalmii.s  may  have 
their  seat  t-ither  witluu  the  orbit,  or  atill  tleeptr,  witliiu  the  cavity 
of  the  skull. 

Aneurism  of  the  oplithalmic  artery  or  of  its  branches,  or  of  the 
carotis  interna  near  the  sinus  cavcrnosus,  varicogity  of  the  orbital 
veins,  thromhiis  of  the  vena  ophthahnicji  or  its  tximpre.'wion  by 
tumors,  have  l>een  observetl  as  causes.  It  is  often  due  to  injuries 
or  to  violent  exertion;  often  no  cauM!  whatever  is  to  l>eili.stn)vere<l. 

Upon  the  asftuniptton  that  the  pulsation  wan  caused  by  an  an- 
eurism, the  common  carotid  has  been  tied  a  numlier  of  limoa. 
Ziihender*  has  collected  31  such  cases,  in  wliich  23  of  the  opera- 
lions  were  followeil  by  pKwl  results  and  2  by  death.  The  fligital 
compression  of  the  wirotid  has  been  made,  sometimes  with  and 
sometimes  witliout  et!ect. 

TUMORS    IN    THE    OKBIT. 

Tumors  which  develop  in  the  Iwittom  of  the  orbit  push  the  eye- 
IjoH  fftrwaitl,  and  often  at  the  satne  time,  auoordiiig  to  the  form 
and  manner  of  growth  of  the  tumor,  push  it  to  one  side.  Since 
the  exo]»hthalnms  generally  dcvelftps  slowly,  the  danger  to  .vision 
is  somewhat  less  than  in  the  rapidly-developing  intlammatory 
fortufi;  at  least,  the  wirnea  U  not  so  much  exposed  to  the  <hinger 
of  losing  the  protection  of  the  lids,  since  tiiey  frequently  exjieri- 
enoe  a  very  considerable  distention.  A  useful  degree  of  vision 
may  therefore  long  be  ri'taincd  ;  but  generally  neuritis  or  atrophic 
dcgeueration  of  the  optic  nerve  is  fitmlly  oiused  by  the  irritation, 
compression,  or  distention  to  which  it  is  subjected. 

The  oi)tic  nerve  itself  may  be  the  seat  of  the  tumor,  hi  whicJi 
cafie  there  is  absolute  blindness. 

The  movements  of  tlie  eye  are  genendly  interfered  with,  for  the 
muacles  and  nerves  may  be  compresse*!  by  tlif  tumor,  or  may  have 
growD  to  it.  The  eyeball  may  even  be  adlitrcnt  to  it,  or  the 
tumor  may  have  grown  into  tJie  eyeball;  although  the  reverse 
process  is  more  fi'ctpient, — that  is,  the  intniocular  tumor  breaks 
t^irough  the  eyeball  and  extends  into  tlie  orbit. 


•  Klin.  MonaUbl.,  1668,  pag.  99. 
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It  is  Rcldnm  iwssible  by  ii  clinical  examination  to  fiatisfv  one's 
self  of  the  nature  ol*  these  tumors,  Hiuee  from  their  position  they 
ai*e  not  acces&ible  to  direct  examination.  Often  the  only  way  iu 
which  the  turaor  can  l>e  |>aliMited  is  to  thrust  the  little  tinker  into 
the  ctJMJuuctival  wu',  iHetween  the  liii  and  the  eyeball;  but  even 
then  only  a  small  portion  can  he  ix^ieii. 

No  Hymptomscnn  be  named  from  which  the  nature  of  die  tumor 
can  be  delci*miued  with  certainty.  As  the  nearest  approach  to  a 
pathognomonic  8yiii{>ti^)ni,  it  niny  I>e  mentioned  that  sometimes, 
but  not  always,  an  iucrease.  and  decreitse  of  tlje  exophthalmUH  have 
been  observed  drpcnding  upon  mechanical  causes  regulating  the 
hypcrtcmia  of  the  orbit. 

The  same  symptoms  as  those  caused  by  tumors,  in  the  strict 
sense  of  tlie  word,  miiy  be  caused  by  cchinococci  or  cysticerci  iu 
tlie  orbit. 

The  diagnosis  of  tumors  which  develop  in  the  anterior  part  of 
the  orbit  is  .sorncuhat  eiisior.  If  they  extend  belsind  tlie  eyeball 
and  cjiune  exo])hthalituis,  it  is  often  impossible  to  determine  how 
far  backward  the  tumor  extends. 

Orbital  tumors  which  grow  nipidly  should  be  ex(ii*|MUetl,  and 
tliis  course  is  the  more  readily  decided  on  when  siglit  has  already 
been  considerably  afHrlcd.  If  the  tumor  be  situiited  outside  the 
ocular  muscles,  the  attempt  should  at  least  be  made  to  retain  the 
eyeball.  With  this  object  in  view,  several  of  the  ocular  muscles 
may  be  dividetl,  the  tumor  enucleated,  and  the  ball  replaced,  the 
muscles  being  again  attached  with  sutures.  If  the  tumor  has 
originally  developed  btiliiml  the  eyeUill.or  if  adiiesions  Iiave  been 
formed  l>etwet?n  the  eyeball  and  it,  it  may  be  necessaiy  to  Uigin 
tlie  operation  by  the  enucleation  of  the  eye. 

If  the  malignity  of  the  tuml^r  Ix?  a.s(XTtJiinwl,  or  if,  as  is  often 
the  case  with  sart^omatoii.*!  gmwths,  it  has  become  adherent  to  the 
orbital  fascite  and  periosteum,  it  may  be  necessary  to  remove  even 
the  pet'ioi'icum  of  the  orbit,  either  as  the  Inst  act  of  the  o]»eration, 
or  the  tumor  and  incriostuum  miiy  be  removetl  at  the  same  lime. 

In  general,  after  the  removal  of  these  tumors,  only  a  little  tissue 
remains  in  the  orbit,  and  there  is  no  diffi<'uUy  in  pushing  the 
periosteum  buck  toward  the  Ibi-umen  optieuin,  tliere  as  deep  as 
possible  to  cut  away  it  and  all  the  tissues  included  in  iL 

If  the  removal  of  the  periosteum  has  been  decided  on  before 
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be«^inning  the  operation,  the  following  in  the  method.  An  incision 
is  made  tlirough  the  skin  arotind  tlie  margin  of  the  orbit,  except 
for  a  space  of  about  "20  mm.  at  the  iiuut  angle  of  the  eye,  where 
a  bri<ige  of  skin  is  left.  A  small  ^ou^e  is  then  used  to  delooh 
the  pcriotstenm  from  the  margin  of  the  orbit,  where  it  is  firmly 
adherents  Farther  back,  where  the  altaehnient  to  the  bone  is 
looser,  the  handle  of  the  8calj>el  may  be  used  for  that  purpose. 
The  entire  uuiiss  eui'lot*ed  bv  the  periosteum  is  then  cut  through  at 
Ihe  apex  of  the  orbit  with  a  pair  of  scissors  curved  on  tlio  Hat; 
the  mass  thus  loosened  is  drawn  up  out  of  the  orbit  and  reflcoted 
inwiird  over  the  nose,  and  then  detached  fi-om  the  inner  surfaee 
of  the  lids-  Finally,  the  entjineous  flap  is  turneii  back  to  lis  place 
and  there  fastened  with  sutures.* 

Bony  tumors  may  j^row  from  any  part  of  the  orbital  walls,  but 
arc  most  frerjuent  on  the  uj)j>er  and  inner  portion.  These  tumors 
are  often  connectetl  with  diseasod  conditions,  such  as  polypi  or 
gntniilatiuns  of  the  nasal  cjivlty  or  t'nnitul  sinus,  or  they  may 
extcml  even  iuto  the  cavity  of  the  sUuli.f  This  latter  possibility 
is  to  be  particularly  considered  with  reference  to  the  prognosis. 
The  use  of  iodide  of  potassium  has  proved  beneficial  in  many 
casies.  The  resection  of  these  bony  tumors  has  not  generally 
proved  a  satisfactory  operation,  on  account  of  the  nuceitainty  in 
the  diagnasis  of  their  nature  and  extent  and  their  inaccessible 
position  in  the  orbit. 

Ilemorrhai^  in  the  orbit  following  contusions,  cause  exoph- 
tholmus  and  loss  of  motion,  and  in  consequence  uf  these  diplo]>ia. 
Diminution  of  vision  also  occurs.  The  ccchymosis  of  tlie  lids 
and  conjunctiva  confirms  the  diagnosis. 

The  treatment  consists  in  local  bloodletting,  cold  dressings,  and 
the  pressure-bandage. 

Fractures  involving  the  roof  of  the  orbit  may  cause  fatal  brain 
affections.  If  by  a  fracture  of  the  iauer  wall  a  communication 
be  established  between  die  orbit  and  the  nasal  cavit)*,  em2>hysema 
of  the  orbit  may  follow. 

Foreign  bodies  may  remain  a  long  time  in  the  orbit  without 
causing  noticeable  symptoms.     Cases  of  this  sort  have  occurred 


*  Snellen  nacb  V.  Langenbock,  Zcvcndc  Vorslug,  1866,  pag.  51. 
f  Comp.  Vircbow,  6e«chwtil«lc,  B.  i.  1,  pag.  48. 
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in  which  the  foreign  body  has  been  relatively  large,  such  a» 

of  wood,  of  pipe-stem,  etc.     The  manner  in  wliieh  these  i  x 

have  occurred  is  ol'teii  such  that  the  patients  are  unable    i 

whether  the  foreign  Ixxly  which  pcnetnitcxl  the  orbit,  lefl  it 

or  remained  there.     Tlie  ()enetrating  sulwtauce  may  break  w"'  ^^ 

the  orbit,  so  that  fragmcnlfl  remain  within  wliich  arc  not  \i^^ 

from  without. 

The  wound  in  the  skin  or  conjunctiva  may  close  completely* 
it  may  rerniiin  open  and  be  coveretl  with  gruiiulations.     lu  oti^^ 
cases  the  injury  is  folluwetl  by  purident  inflammation  of  theorbi' 
ti-i^ues  on<l  the  di.sciiarj;e  of  pus. 

Prom  wliat  hiirf  been  siiid  it  appmrs  that  exophllialmus  isasymi*' 
torn  which  may  occur  in  ctmsixjuence  of  the  ni<tst  <livcrse  disease*^ 
conditions  of  the  orbit,  and  consequently  may  be  of  all  degrees. 

Kecent  investigations  have  shown  that  even  physiologically  the 
position  of  the  eyeball  iu  the  orbit  is  not  always  the  same  ujxjn 
the  two  sides.  Frequently  one  eye  lies  some  millimetres  deeper 
than  the  other.  Small  dtflTeroncc*  of  position  can  l)C  determined 
only  l)y  measurement,  while  greater  ones  cause  a  striking  asym- 
metry of  the  co\intenauce. 

Measurements  to  determine  the  position  of  tlic  a[>cx  of  the 
cornea  relatively  to  the  margin  of  the  orbit  with  instruments  con- 
structed for  this  purpose  and  called  exophthalmometers,  were  first 
made  by  Cohn,*  and  later  by  Hasner,t  Emmert,t  and  Zehcnder.§ 


•  Klin.  Mouatiibl.,  1867,  pfcg.  839. 

f  Die  StuUputliieri  d(!«  Aii^tsu,  Frag,  1809 

X  Klin.  MonAt«bl.,  1870,  pog.  23. 

{  Ibid.,  pag.  42. 
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Acute  iufltimmation  of  the  laclirymnl  gland  (dacn'oudenitis) 
occurs  as  an  inflaniinntinn  which  is  lociilizcd  in  the  region  ot*  the 
lachrymal  gland,  and  from  there  spreadii  to  the  Wda  and  conjunc- 
tiva. The  lids  are  red  and  infdtratcd,  so  that  they  cau  be  only 
partially  opened  ;  the  c^onjunotiva  is  hyperreniicand  swollen  ;  often 
tliere  is  an  exudation  under  the  conjunctiva  oculi;  generally,  too, 
there  is  an  incrcaw^d  muoo-purnlent  secretion. 

We  have,  acconlingly,  a  group  of  syniptonw  whicli  occur  also  in 
blennorrhnea,  namely,  a  quickly  developing  inflammatory  swelling 
of  the  lids  and  conjunctiva,  with  muco-purulcnt  seei-etion.  It  is, 
however,  easy  to  avoid  mistaking  it  for  blennorrhea,  since  in  the 
latter  <lisease  the  raucous  inend>rane  is  uniformly  atliected  through- 
out its  whole  extent,  while  in  ducryoadenitfs  tiie  intlammation  is 
^greatest  in  tlic  region  of  the  lachrymal  gland  and  dimintslies  to- 
ward the  naisal  si<le.  The  |»uthojrnomonic  symptom,  however,  is 
this,  that  the  swollen  lachrymal  gland  prej*8ed  downward  and  out^ 
ward  can  be  seen  between  the  lid  and  eyeball  when  the  patient 
looks  downward  and  inward,  while  the  examiner  at  the  same  time 
raises  the  upper  lid  as  much  as  possible.  The  swelling  of  the 
Ittchr^'raal  gland  may  be  so  great  that  the  eyeball  is  displaced 
downwartl  and  inward. 

The  usual  result  is  in  resolution;  still,  the  connective  tissue  sup- 
porting the  gland,  which  is  the  tissue  essentially  involved  in  the 
inflammation,  may  suppurate  and  a  small  abscess  be  formed,  which 
appears  to  tiave  more  tendency  to  break  into  the  conjunctival  sac 
than  through  the  skin. 

The  process  ap[jears  also  to  end  sometimes  in  induration  and 
hypiTtmphy  of  the  gland. 

The  occurreuoe  of  acute  dacryoadcnitis  is  uot  very  rare.  Cold 
B8  been  regarded  as  the  usual  cause.  Operations  upon  the  eyes 
OBUBe  it.* 


•  A.  V.  Graefe,  Arch.  f.  Ophth.,  B.  iv.  2,  pag.  268. 
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As  to  trRatnient,  warm  appltt^tioiiH  and  jirotwtion  fmm  in- 
jurious iiifltieiiu^  are  geiierully  niifficient.  Under  tliis  troutiiiotit 
recovcrj'  usually  oocur»  iu  the  oourae  of  a  few  weeks. 

More  seldotii  ifiau  the  acute  form  is  that  wliich  Ih  chronir  from 
the  heginiiinj;,  which  goes  on  without  external  signs  of  inHainma- 
tion,  and  which  oft4?u  oc-curs  on  Ixjth  sides.  Iodide  of  pot;uv<ium 
internally,  or  as  a  salve  applied  in  the  r^iou  of  the  LiC'hr}'mal 
gland,  \\i\s  proved  useml  in  sucli  cases. 

Fistulas  of  the  laclirj-mal  gland  are  but  rarely  seen.  They 
may  remain  after  aeuideutal  wounds^  or  sSter  ojieratiouH  iu  that 
region,  or  may  Ik;  oiuscd  hy  ulwration,  as  in  eases  of  InpuH. 

So  long  as  the  Htitula  remaiufl  open,  the  apnoyauces  are  slight, 
and  consist  principally  iu  the  ttow  of  tears  from  the  fistulous 
opening.  This  c<>n<lilion  may  rtmiain  a  long  time  unchan^wl,  hut 
it  may  happen  that  the  external  ojieuing  closes  without  the  heal- 
ing of  the  Hstulou»  vanal.  The  secretion  of  the  gland  is  then 
retained,  and  infiltrates  the  surrounding  tissues,  causing  inflamma- 
tion there,  with  swelling  of  the  lids  and  inflammatory  exudation 
beneath  the  conjunctiva  pal[>ebrarum  and  cK;uli;,  often  ending  in 
small  ahsci'sses  of  the  lids. 

Generally  in  the  ooui'se  of  the  disease  the  tistufa  breaks  open 
again,  the  inflammatory  symptoms  dL-sapiMiir,  but  return  again  if 
the  fistula  closes. 

According  to  IJowman,*  these  fistulas  are  heahrtl  in  the  follow- 
ing manner.  A  strong  silk  thread  is  pi*ovided  with  two  nee<llea; 
one  needle  is  passed  itito  the  fistuloiis  opening  and  tlirough  the 
wall  of  the  fistula  and  the  ecuijnuotiva  alxtve  the  tarsus;  the 
second  needle  is  passe<i  through  in  the  same  way,  but  brought 
through  the  ct>njuncttva  at  a  distamx:  iti'  about  5  mm,  from  the 
iirst;  both  en<ls  of  the  thread  are  then  carried  outward  upon  the 
cheek  and  there  fa.stenc<I  with  ailhesive  phuslor.  In  this  way  a 
communication  is  established  lietween  the  flstula  uad  the  con- 
junctival sac,  and  as  soon  as  the  danger  of  inflammatory  reao- 
tion  seems  to  Ikj  jKist,  say  al\er  from  8  to  14  days,  the  etlges  lif 
tlie  external  fistulous  oj>eu)ng  are  to  \te  freshened  aud  carefully 
united. 

If  the  closure  of  the  ejcternal  fistulous  opening  be  effected  in 
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this  manner,  the  thi*eacl  will  finally  cut  its  own  way  through  tlxe 
tissue  included  by  it. 

If  an  old  fitftuliHis  oponing  has  become  closed  and  cannot  Ijc 
found,  while  the  jwiticnt  is  annoywl  hy  oft-rcttiming  inflamma- 
tions, the  only  relief  is  by  extirpation  of  the  lachrymal  gland.* 

I>a<'r}'o])s  is  the  name  given  to  a  rare  tumor  on  the  upper  lid 
near  the  outer  canthnn,  which  i.s  due  to  the  retention  of  the  tearB 
in  one  of  the  excretory  diicts  of  the  larlfrymal  gland.  It  may 
occur  without  the  actual  closing  of  the  conjunctiva]  o{»euing  of  tlie 
duct^-tso  that  the  tumor  may  be  emptied  by  presaure.f 

The  tumor  la  distinctly  circuniscribe<l,  very  elastic,  and  paJn- 
Icss;  the  skin  al)ove  it  is  normal.  \]\Km  everting  the  upper  lid 
the  tumor  prcttrudes  in  the  form  of  a  tliin-walled  cyst.  What 
charactenzes  it  most  is  that  its  size  increases  whenever  increased 
secretion  of  tlic  ladiryma!  ghuid  occurs. 

Tlie  treatment  of  these  tumors  consists  in  making  an  opening 
into  them  on  the  inner  surface  of  the  lid  large  enough  to  insure 
the  easy  flow  of  the  tears  into  the  conjunctival  sue.  This  is  beat 
done  by  pjissing  a  thread  through  the  conjunctival  wall  of  ttie 
tumor  in  such  a  way  that  the  puncture  and  counter-puncture  are 
about  5  mm.  from  each  other.  The  thrwid  is  then  lightly  tied, 
and  the  two  ends  (airrit^l  over  upon  the  cheek  anfl  there  fastened, 
and  allowed  to  remain  from  8  to  14  days,  till  the  edges  of  the 
wound  in  the  cyst  are  healed. 

Tumors  of  the  lachrymal  gland — simple  hypertrophy,  cystic 
growths,  cancroid,  adenomata,  etc. — cause  iu  the  first  place  a  pro- 
trusion nf  the  cnlai^ed  gland  br-twocn  the  cvcbnll  and  the  orltital 
wall.  As  the  tumor  grows  and  extends  baeUwurd  into  the  orbit 
the  eycljall  is  presseil  forward  and  inward,  and  at  the  same  time, 
according  to  circumstances,  either  upwanl  or  <liiwn\v:ird.  With 
this  variety  of  exophthalmus  vision  may  rcruuiu  uualRctcd  a  long 
time,  or  it  may  iu  various  ways  Ite  intcrfcrtMl  with.  If  thn  cctrnea 
be  no  longer  covered  by  tlie  lids,  the  consequence  will  be  inflam- 
matory clouding,  and  at  last  ulceration  and  ruptuix?,  ending  in 
atr(»pliy  of  the  eye.  Further,  the  moelianicjil  irritation  of  the 
optic  nerve  may  cause  neuritis.     Finally,  adhesions  may  form 


•  Alfr.  Grufe,  Arcb.  f.  Ophth.,  B.  viii.  I,  pas.  '279. 
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between  the  tumor  and  the  eychull,  aiul  direct  eommuninitiona 
between  cvsis  of  the  lachrymal  gland  aiid  the  iuterior  of  the  eye 
have  been  olwerved. 

The  extirpation  of  the  lachrymal  gland  with  retention  of  the 
eyeball  is  best  aceomplishetl  bv  an  incision  on  the  external  upper 
margin  of  the  orbit,  pas.siitg  thrnngh  the  skin,  the  muscle,  and 
the  fascia  tareo-orbitalis.  The  length  of  the  incision  is  deter- 
mined by  the  size  of  thr?  tniimrj  aud  fnr  tlie  normal  gland  should 
be  aliout  25  mm.  The  cyebulJ,  wiieii  nocesoary,  should  be  pro- 
tected by  a  horn  s)>atu]a  thrust  under  the  upper  lid,  the  gland 
Reizf'd  with  the  rootlied  forecps,  anil  then  detaehed  first  from  llic 
periosteum  and  tlien  front  the  surrouiuling  soft  parts.  The  last 
act,  espeeially  in  the  cjLse  of  the  normal  glanii,  is  difficult,  by  reason 
of  the  tnUjy^luKws  of  the  tissues  and  the  eoj)ious  hemorrluiy^e. 

Tlie  \V4)und  uiidtr  the  use  (»f  iee-dressings  may  heal  quickly, 
but  Rnppuration  as  well  as  erysipelatous  inflammation,  with  great 
swelling!:  of  the  lids,  fever,  and  symptoms  of  cci-ebral  hypenemia, 
mjiy  follow. 

Tfie  function  of  the  eye  is  not  essentially  interfered  with  by 
the  extirpation  of  the  lachi^'mal  gland. 

AN0MALIG8    OF  THE   PUNCTA    LACRYUAUA   AND   CANALICDU. 

The  congenital  anomalies  of  these  organs  are  their  occlusion 
and  their  presence  in  superfluous  number. 

Foreign  bodies  whieh  aeeidentiilly  enter  them,  such  as  hairs, 
eyelashes,  etc,  may  close  the  canals,  and  at  the  same  time  provoke 
inflarntiiutory  symptoms. 

Crypt  ogam  ous  growths  (leptothrix)  mu&t  be  inohided  among 
the  foi-eign  bodies  found  in  the  canaliculi.  They  have  been 
obst^rved  oftener  in  the  lower  than  in  the  ujiper  canaliculus,  and 
may  till  it  so  completely  as  to  cause  a  |>er(x'ptjble  tumor.  The 
neiglilxtring  tis-sues  become  inflamed,  the  caruncle  and  adjacent 
conjunctiva  are  reddened,  the  edges  of  the  lida  corresponding  to 
these  pnrts  are  swollen,  the  lower  jinnrtiiim  is  cnlargwl,  and  often 
disi'harges  a  white  secretion,  csixvially  on  pressure.  In  this  con- 
dition a  troublesome  drij>ping  of  the  tears  occurs.  In  the  further 
coui^  of  the  affection  the  local  inflnmmntion  and  swelling  in- 
crease, exciting  from  time  to  time  dillnse  c:itarrli  of  the  conjunc- 
tiva.    After  splitting  up  the  canaticulus  the  concretions  may  be 
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pfonpcd  ont,  and  consist  of  leptothrix-elements  often  mixeil  with 
the  sall8  of  lime.  The  treatment  consists  iu  splitting  and  carefully 
oU>ani*ing  the  canaliruli. 

An  abnormal  position  of  the  lower  pnnctum  oooura  in  conse- 
qtieure  of  clironic  inflaiiinmtory  swelling  of  the  tvinjunctiva,  or  of 
tho«e  superficial  eontractione  of  the  skin  which  result  from  chronic 
blepharitis.  It  is  in  fact  a  slight  ectropion,  which  is  most  ap- 
parent when  the  (>atient  lor>ks  upward,  eiiioe  in  that  position  the 
lower  lid  is  raised  slifjhtly  away  from  the  eye.  In  oon.scfjuence 
of  ltd  abnormal  position  the  lower  punotum  cannot  receive  the 
tears,  but  they  collect  at  the  inner  angle  of  the  lids  and  trickle 
down  the  cheek.  In  this  condition  the  puncta  themselves  may 
be  unchanged,  or,  e8]>ecial]y  in  chronic  blepharitis,  they  may  be- 
come obliteratinl  and  entirely  disap|}car.  The  small  prominences 
on  which  they  stand  become  levelled  down,  that  part  of  the  edge 
of  the  lid  rounded  otf,  the  puncta  greatly  contracted,  so  that  it 
becomes  ditHcult  or  impossible  to  find  them.  To  cure  these  cases, 
Bowman  has  proposed  the  sjditting  of  the  canaliculi,  thus  con* 
verting  them  into  o|X!n  furrows  upon  the  conjunctival  surface. 
To  do  this  the  puuctum  is  first  dilated  by  a  prol>e  whose  iine  point 
thickens  rapidly,  and  room  is  thus  made  in  whittli  to  intrixluce 
\Vel)er*s  knife;  this  consists  of  a  pnibe-pointwl  s<)nnd,  M-hich  nUiut 
2  mm.  hack  from  its  blunt  point  pa^ises  over  into  a  small  convex 
bliide,  about  1 J  or  2  mm.  wide.  The  point  is  thrust  into  the  laoh- 
r>'mal  sac,  and  the  canaliculus  is  split  by  lifting  the  liandle  in  the 
case  of  the  lower,  or  depressing  it  in  the  case  of  the  upper  canalic- 
ulus. To  avoid  reunion  of  the  edges  of  the  wound,  it  is  well  to 
keep  the  patient  several  days  under  observation,  and  to  break  up 
witli  a  fine  sound  any  adhesions  which  may*  occur.  This  practice 
is  generally  successful,  and  yet  in  cases  of  chronic  blepharitis  it 
sometimes  fails  in  spite  of  all  pains  taken  ;  and  even  without  this 
complinition  it  M>mc(imcs  happens  that  the  canaliculi,  which  have 
been  split  and  kept  open  for  months,  finally  reunite  throughout 
their  entire  length. 

Wounds  which  have  divided  the  canaliculi  should  be  carefully 
anilod  by  sutures  and  then  kept  in  perfect  rest.  If  cicatrization 
doBtroy  the  ctmtinuity  of  the  canal,  it  generally  is  not  possible  to 
re-establish  it  again. 

In  oonsoquenoc  of  such  wounds^  or  of  ruptures  of  the  lachr>'mai 
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8a<!  hy  oontiisionB,  air  may  I)e  driven  from  the  iiasil  cavity  throitjj^h 
thecjumlicuUis  into  the  yubcutaneousoonwcctive  tissne,  for  instance, 
during  forccil  expinition,  snw/ing,  etc.  Its  presence  there  is  de- 
tecte<l  by  a  crt'pitatiiip,  empliyseraatous  tumor.  At  the  same  time 
in^Itnition  of  the  tears  into  tlie  tissues  of  the  lids  may  take  place. , 

DI8EASK8  OF  THE   LACHRYMAL  SAC. 

The  firj<t  i*vnipt«)ni  of  acute  dacrvw^v^tltitt  is  jjenerally  a  eoiLsider- 
ahle  swellin<r  of  the  mutxnif*  memhntiie  of  the  lachrymal  sac,  both 
painful  and  tender,  and  causing  a  low,  rounded,  circumscribe<l 
tumor.  The  skin  lying;  over  it  is  (i;encrally  red  and  swollen  from 
tlie  first.  The  inflammation  involves  the  inner  angle  of  the  eye, 
so  that  the  lids,  the  caruncle,  and  often,  too,  the  conjunoliva  pal- 
pehrartim,  are  nr>d*?iniit^u.s.  The  swelling  and  retlness  fre<pieutly 
spread  out  «|Mm  the  nose  and  check.  Genemlly  the  inflammntion 
goes  on  to  supfmration  within  the  sac,  and  rupture  outwards;  still, 
resolution  mav  occur,  or  the  dacryocystitis  become  chronic. 

It  is  generally  due  to  strictures  in  the  na.sal  duct,  which  cause 
retention  of  tlie  secretion,  uud  con!?e<|uent  inflainrnatory  changes' 
in  the  muoous  membrane.  Under  these  circnnistancc!*  accidental 
causey  such  us  cold,  may  excite  acute  inflammation,  or  an  lu- 
flammatiiJti  which  was  at  first  alijrht,  may  cause  such  a  rapid 
aeeun»ulation  of  the  secretions  that  the  distention  of  the  sac 
exciter  inflammation  in  the  udjoiiiiiig  ti^ft^ues. 

It  is  best  from  the  beginninj:^  to  use  warm  cata]>lasmH:  the 
tension  of  the  tissues  is  thereby  diminished,  tlie  pain  s<v^thcd,  and 
resolution,  if  jKissible  for  it  to  occur,  is  (iivoret!.  If  the  inflam- 
mation go  on  to  suppuration  the  tumor  points,  l>econi(s  soft  and 
fluctuating,  and  the  pus  can  be  seen  through  the  skiu.  Under 
these  circumstances  the  cataplasms  may  l)e  continuctl,  nnd  the 
spoiitan«>ns  opening  of  the  tumor  awaite«l,or  it  may  l>e  incisetl, — 
and  this  is  generally  most  advantageous,  since  in  this  way  the  sao 
is  Hu>rc  freely  evacuated.  After  o|K'ning  the  sac  it  is  advisable,  in 
order  t<v  avoid  too  speedy  closure,  to  place  charj)ie  in  the  wound; 
and  under  all  circumstances  the  ft"ee  discharge  of  the  secretions 
must  Ik'  insured  l>y  the  use  of  cataplasms  and  frequent  syringing 
with  warm  water.  The  opening  must  not  be  allowed  to  lieal  till 
the  swelling  of  the  mucous  membrane  is  so  far  reduced  that  the 
ficcretions  can  be  dischai^cd  through  tlie  normal  chunuels,— that 
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is,  through  the  nasal  duot  and  ranaliculi.  Exccptionnlly  the 
0|>enin^  shows  du  teiHleucy  to  hcal^  so  tJiut  a  laolirvmal  fistula  ts 
fbrrac*i.  But  no  matter  Avimt  course  the  (laoryocystilis  tnkes, 
whether  it  eud  in  resolution,  suppuration,  chronic  in6umiuation, 
or  iUtnla,  tlie  second  step  always  consists  in  determining  wltether 
there  arc  strictures  in  the  niunl  duct,  ami,  if  they  are  found, 
proceeding  to  their  treatment. 

Chronic  inflammation  of  the  miicona  membrane  of  the  lachry- 
tnat  mc  (bleuuorrha>a  sacci  lacrymuli.s)  devch>]>r«,  as  dues  the  acube 
fonn,  almost  always  from  the  presence  of  strictures. 

Since  the  norma!  force  which  inijM'ls  the  tears  through  the  nasal 
dud  is  but  very  slight,  a  moderate  <*oiiti\K'tiou  of  this  passage  suf- 
fices to  cause  alwvethe  stricture  an  accumulation  of  the  secretions; 
thisdocomposeH  and  irritates  the  mucous  membrane.  The  irritated 
membrane  contributes  now,  on  its  part,  to  the  incresise  of  the 
eiecretian,  that  portion  of  the  canal  al>nve  the  stricture  becomes 
611e<1^  and  ttie  membranous  walls  of  the  Iaclir\'iuul  sac,  which, 
from  the  chronic  inflammation  and  infiltration  of  the  mucous  mem- 
brane and  adjacent  tissues,  have  become  rclaxctl,  yield  gradually 
to  the  pressure  of  the  accumulating  secreticm. 

The  distended  sac  now  causes  at  the  nasal  angle  a  small  tumor, 
whose  nmco-pundent  ortnlcnts  may  Ik*  dischargwl  by  prcs-surc  of 
the  finger  either  downwai-d  into  the  nasal  cavity  or  upward 
tJiroujrh  the  canaliculi.  This  i-ondition  may  remain  fi»r  a  long 
tinieuncliangedjwithtmt  any  external  visiblesignsof  inlluminntion: 
or  ttie  relaxation  and  distention  of  the  sac  may  increase,  and  the 
tumor  enlarge  till  it  attains  tlie  t^ize  o{  a  cherry-stone  or  hazel-nut; 
it  may  even  become  larger,  and  in  ?uch  cases  the  contents  gener- 
Elly  lose  their  purulent  character,  changing  to  an  almost  colorless, 
dear,  tin n  mucus  (atonia  or  hydrops  wi«ri  lacrymalU).  In  other 
eases  external  signs  of  inHammation  are  su|>eraddei],and  these  run 
a  course  similar  to  that  of  acute  dacryocystitis,  or  they  may  con- 
tinue for  a  long  time  iu  a  subacute  course,  and  may  even  finnlly 
lead  to  rupture  of  the  sac.  In  such  cases  the  contents  do  not 
alwavs  reach  the  surface  by  the  shortest  way ;  the  jnis  breaks  from 
the  sac  into  the  adjoining  tissue  and  there  spreads  out  irregularly, 
often  in  several  channels,  before  it  penetrates  tlie  skin. 

The  etiology  is  generally  the  same  as  in  acute  dacryncyfttitis. 
Strictures  are  almost  always  present.     Still,  it  may  be  caused  by 
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foreign  Wlics  in  the  nose,  nasal  polypi,  nr  by  the  necraais  of  the 
Burrniindinf;  bunc*^,  due  to  scrofula  or  sypliilia. 

The  tro.itment  as  regsirds  aoiite  exacerbations  is  the  same  as  in 
the  acute  form.  In  most  of  these  chronic  cases  the  cure  of  the 
stricture  is  the  first  indi*sition. 

Strictures  of  tlie  nnsnl  duct  are  most  frequent  nt  its  lower  ex- 
tremity, and  just  below  the  sac,  at  the  boundary  between  the 
orbital  and  maxillary  part.^.  These  strictures  are  often  due  to 
chronic  catarrhal  inflaiuiuatiun^  wliich  is  frequently  connected 
with  discoj^es  of  the  nasal  mucous  membrane. 

Tn  eonsequence  of  this  cnnnwtinn,  sernfiila  may  be  classed 
among  the  csiusea.  Acute  bleiuiorrha'al  iuHamiiiation  of  the  con- 
junctiva causes  frequently  a  similar  inflammation  of  the  mucous 
membrane  of  the  tear-paeauf^,  probably  because  the  resorption 
of  the  tci>rs  is  prevented  at  the  most  infectious  period  of  the  blen- 
norrh<ea,  by  the  swelling  of  the  conjunctiva.  Chronic  conjunc- 
tival innammations  appear  more  likely  to  cause  strictures.  In 
many  cases  it  is  not  [>ossible  to  discover  any  caase. 

The  contraction  of  the  duet,  of  course,  presents  a  hindrance  to 
the  passage  of  the  tears,  but  this  does  not  always  cause  permanent 
epiphora.  It  is  not  rare  to  see  pei'sons  whose  nasal  duct:^  are 
almost  closed,  and  who  yet  are  but  little  discommoiled  by  the  tears, 
— never,  indeed,  except  under  circumstances  which  cause  increased 
secretion,  as,  for  instJiiicc,  slight  conjunctivitis.  In  nuch  «ises, 
without  touching  the  stricture,  the  difficulty  may  often  f:>e  relieved 
by  the  use  of  some  mild  astringent  eye-water , — for  instance,  a  \ 
per  cent,  solution  of  sulphate  of  sciiic. 

In  most  cases,  however,  the  strictures  appear  to  lead  to  the 
above-de8cril)ed  blennorrhceal  condition  of  the  tear-jmssages. 

The  treatment  of  the  wtrictiires  is  best  accomplished  by  the 
introduction  oi'  Bowman's  probes,  which  may  be  curved  so  as  to 
adapt  themselves  to  the  anatomical  relations  of  the  special  wises. 
Generally  a  circular  curvature,  with  a  radius  of  from  40  to  50 
mm.,  is  most  suitable. 

After  one  of  the  canalicnli — for  instance,  the  lower  one — has 
been  split  up  In  tlie  manner  above  dcacril>«l,  and  the  bleeding 
has  stopped^  the  sound  is  slippctl  along  the  lower  anterior  wall 
of  the  canal  into  the  sac.  While  doing  this,  the  punctum  lacry- 
male  must  be  drawn  somewliat  outward  and  downward,  and  the 
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canaHoulu.H  held  tense  in  that  direotion,  while  the  patient  is  told  to 
look  upwanl.  Tlio  probe  is  carefully  thrust  forward,  in  a  nearly 
hori/Ajntal  dlrcctitui,  until  its  cud  strikes  the  nietliau  wall  of  the  sac, 
resting  against  the  larhrymal  Imne.  Then  the  probe  is  brought  into 
a  nejirlv  vertical  ]Kv*it»>n.  If  during  the.  pji^sage  of  the  probe 
tliroug^li  the  oiinal,  or  the  attempt  to  turn  it  up  in  the  vertical 
position,  its  end  is  seen  to  cause  tension  on  the  lid,  that  is  proof 
that  it  bus  not  yet  entered  the  aac^  but  that  it  has  cauglit  in  the 
canaliculus. 

In  introdueing  the  probe  through  the  upper  oanalieulus,  it  is  to 
be  slid  along  tiie  tuediati  w:iU  duwii  into  tho  lachrymal  sac. 

Ih  genend,  wtiile  introducing  the  probe,  its  direction  at  any 
gfivcn  time  slioidd  correspond  with  the  direction  of  that  portion 
of  the  tear-pjissage  through  which  the  point  of  the  probe  is  then 
passing.  AVhile  the  sound  is  gliiling  down  the  nasal  duct  the 
upper  part  of  tlie  sound  should  lie  in  contact  with  the  upper  eye- 
l)r(>w,  from  4  to  6  mm.  to  the  metlian  side  of  the  incisura  supra- 
orbitalis.  Under  all  circumstances,  the  operator  must  proct^e<l 
carefully,  without  the  use  of  fon-e,  an<l  find  his  way  tlirough  the 
stricture  by  a  rotary  motion  of  the  |)robe.  Sometimes  there  are 
pockets  above  the  stricture,  esjiecially  in  the  outer  anterior  wall  of 
the  sac;  tlie  pr<jl>e  may  easily  be  pa.'wed  into  one  of  these,  and  its 
farther  progress  absolutely  prevented.  When  this  occurs,  instead 
of  using  force,  the  prof>e  must  be  withdrawn  a  little  distance,  and 
the  nortual  jmssagc  sought,  while  avoiding  the  diverticulum.  By 
proper  manipulation  of  the  probe  the  stricture  may  almost  always 
be  |>assed,  and  I  ret-all  but  few  eases  in  which  an  absolutely  im- 
permeable stricture  seemed  to  exist.  1  have  satisfied  myself  by 
anatomical  examination  that  such  complete  strictures  do,  however, 
occur.  In  one  case,*  for  instance,  I  found  the  lachiymal  sac  con- 
siderably tlistcnded,  fillwl  with  viscid  mncns,  the  niucotis  membrane 
Atnooth,  and  tlie  lower  end  of  the  sac  alwolutely  closed  by  cica- 
tricial tissue:  the  lower  end  of  the  nasal  tUict  was  also  closed  by 
tlie  same  tough  tissue.  Williin  the  duct  thus  cliwetl  on  every  side 
I  found  a  traosfiarent  viscid  secretion,  which  was  mixed  with 
numerous  epithelial  cells  (perhai>s  a  post-mortem  occurrence),  and 
was  coagulable  witli  acetic  acid. 


•  Verbaiull.  der  physical. -med.  Gesellwhaft  zu  Wurzburg,  B.  x.  pag.  12. 
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Oornplete  stricture  ought  not  to  be  assumed  fiiniply  because  the 
prohp  cnnnot  be  i>assed  at  the  first  sitting.  The  splitting  of  tl»e 
canalk'iili,  the  eiisier  and  more  frequent  discharge  of  the  fieeretion, 
and  the  syringing  with  some  astringent  solution,  in  inany  ctunes 
cause,  In  the  ixnir^'  of  some  days,  a  diminution  in  the  s^velling 
of  the  mueoiiH  membrane,  so  tliat  the  probe  ran  be  po-sscd  without 
any  trouble.  The  probe  is  allowed  to  remain  in  the  canal  for  a 
quarter  or  iialf  an  hour,  and  is  then  (^refully  and  slowly  with- 
drawn. The  prubing  is  generally  repeated  everj*  day;  but  if  it 
be  very  painfalf  or  if,  after  the  withdrawal  of  the  probe,  there  be 
hemorrhage  from  the  nose,  it  is  well  to  wait  some  days  before 
repeating  the  operation. 

It  is  best  to  l>egin  with  a  probe  having  a  diameter  of  almnt  1 
mm.,  and  increase  gradually  to  those  with  a  diameter  of  1.5  or 
1.75  mm.  Tlic  probes  first  introduce*!  by  Bowman  have  as  their 
highest  nnmbei's  some  of  great<^r  thickneRs,  but  Arlt  very  properly 
warns  against  the  use  of  too  thieU  a  probe.*  The  observation 
that  strie-ture  of  the  canalicnti  at  their  place  of  opening  into  the 
laohr>*mal  sac  may  be  a  contwquence  of  probing,  has  Iwen  often 
enough  made,  and  Arlt  explains  it  by  saying  that  in  these  cases 
this  plai-e  has  l>een  wouihIihI  by  too  thick  a  probe.  This  reason 
applies  with  still  greater  foree  against  the  use  of  A.  Wfbor's 
probes,  which  at  the  point  corresponding  with  the  openings  of 
the  cannliculi  into  the  «io  have  n  diameter  of  .it  least  2  mm.,  and 
the  highest  a  diameter  of  3  or  4  lain.  Weber,  indeetl,  retwm- 
menda  that  the  canaliculi  be  split  through  their  whole  extent 
down  to  the  sac,  involving  the  incision  of  the  ligamentum 
mediale ;  bnt  it  is  very  doubtful  if  by  this  method  the  mechan- 
ical irritation  is  lessened.  Arlt  suggests  further  that  similar 
contractions  niay  o<x!iir  also  at  the  lower  end  of  the  nasal  duct 
in  conaequenoe  of  using  too  thick  a  prolic.  Certainly  it  Is  as 
likely  to  occur  here  as  in  the  canaliculi,  for  the  nnatonii«il  rela- 
tions at  this  iM>int  pre-wnt  the  greatest  variations.  "  In  many 
cases  the  mucous  membrane  forms  here  simply  u  covering  for  the 
bony  walls;  tlie  na.sal  o|wning  will  then  l>e  wide  and  Rtund,  with 
sharp  margins.     If  the  canal  continue  a  distance   within   the 


*Bchftnd1ung  der  Tbr&nenechlnuchkrankheiten,  Arch.  f.  OpUi.,  B.  xlv. 
S,  pag.  270. 
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mnooas  memltrane  on  the  side  of  the  nosal  cavity,  its  opening 
is  suineriiuc:)  narmw,  wmietimca  wide,  sometimes  round,  some- 
times a  mere  slit,  which  is  sometimes  hori/onta],  sometimes  ver- 
tical. In  general,  the  deeper  the  opening  the  narrower  it  is. 
Frequently  one  seeks  in  vain  for  it,  even  after  removal  of  the 
palate,  when  the  h'ght  is  allowed  to  full  into  the  space  covered 
by  the  turbinated  bone,  and  it  can  bo  found  only  by  pus>-ing  a 
6ne  bristle,  or  making  an  injection  from  the  hichrymal  sao 
downward."* 

In  undertaking  tlie  treatiueni  by  probing,  it  is  impossible  to 
tell  which  of  these  unatomi(^l  variationn  exists,  but  it  will  <lo  no 
iinrm  to  a'^ume  in  every  aise  tiiut  the  most  unJavoruble  condi- 
tion exists,  and  therefore  proceed  to  probing  in  the  most  careful 

inner. 

It  is  well  from  time  to  time,  during  the  treatment  by  probing, 
to  try  whether  the  duct  is  permeable  also  for  injections.  Caaea 
occur  in  which  the  probe  passes  eiusily,  while  an  injection  will 
not;  the  point  of  the  can u la  must  lirst  be  pa^eU  tbrou^h  the 
stricture.  The  eanula  must,  of  course,  have  the  size  and  curva- 
ture of  a  Bowman's  prolw.  It  is  not  strange  that  iu  such  cases 
the  epiphora  continues,  although  the  probe  [Kisses  easily. 

But  even  when  both  proW  and  injwtions  pass  easily,  the 
epiphora  may  continue  in  consequence  of  the  distention  and  re- 
lajtalion  of  the  lachrymal  sac,  since,  probably,  an  elastic  tension 
of  its  walls  is  ne<:cssary  to  «mse  u  normal  discharge  of  the  tears. 
One  often  sees,  in  jwraons  with  a  loose  texture  of  the  entire  lids, 
an  alreiidy  existing  slight  epiphora  increase  under  the  iiifUiencc 
of  a  mild  conjunctivitis,  in  spite  of  the  permeability  oi'  the  n;isal 
duct.  Iu  such  cases  less  is  accomplished  by  continuous  probing 
than  by  the  load  treatment  of  the  conjnnetivu  and  mucous  mem- 
brane of  the  taie.  In  a  su'ries  of  similar  cases  All'r.  Graefef  has 
shown  the  cause  of  the  epiphora  to  be  a  hyi>ertrophy  of  the  lach- 
rymal caruncle,  and  by  its  extirpatioti  he  removed  the  difliuulty. 
^asal  polypi  may  <aiusc  epiphom  in  a  simitar  manner. 

While  the  strictures  are  being  probe<l,  attention  is  to  be  di- 


*  H«nl«,  Anatomie,  B.  il.  pkg.  712,    Comp.  R.  3faicr,  Uobcr  den  Bau  der 
Tlirttiir-norgiine,  p«ig.  'JO,  Freiburg,  1869. 
t  KUuiicbe  MouaUblatter  f.  Augcuhcilk.,  1SG8,  pag.  228. 
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rectcH  nt  the  same  time  to  the  secondary  inflammntory  pPOoesMe 
causwl  by  them.  Chrouio  conjuuctiviti«  and  blepharitis  are  here 
fii-at  to  lie  raet)tione{).  The  first  requires  the  ui^  of  a  strongs 
astringent  solution  of  nitrate  of  silver  (1  or  2  per  cent.),  or  of 
sulphate  of  zinc  (2  or  3  per  cent,),  which  is  to  be  pencilled  on  li»e 
lids,  an<l  then  immediately  wa.shed  away  with  w^tcr.  To  cure 
tlie  blepliaritb,  which  in  maintained  by  the  presence  of  ^niall 
ulcers  on  the  edges  of  the  lid:*,  it  is  neceijsary  in  the  first  place 
carefully  to  remove  the  crusts  which  cover  tht«e  ulcens,  and  then 
pencil  them  with  some  sohition  which  will  cauae  a  slight  eschar; 
for  instance,  nitrate  of  silver  (3  per  cent.)  or  acetate  of  lead,  or  a 
concentrated  solution  of  sulphate  of  copper,  or,  finally,  a  ealve  of 
precipitate  of  mercury,  1  to  2  per  cent.,  in  ung.  glycerini. 

More  important  still  is  the  traitment  of  the  mticou?*  membrane 
of  the  Inchrymal  mic,  when  that  throws  ott"  a  blenuorrhoMil  secre- 
tion ;  iodeetl,  in  many  cases,  upon  this  depends  tlie  relief  of  the 
princiital  aimoyanees  of  which  the  patients  complain.  In  mild 
cases  it  oi'len  suffices  to  press  out  the  sct^retion  and  inject  an 
astringent  solution  of  I  [mr  cent,  nitrate  of  silver,  or  sulphate 
of  copper  or  of  zinc,  etc.  The  iiijiK-tions  must  always  be  very 
carefully  made,  since,  if  the  mucous  membrane  of  the  canal  be 
wounded,  the  fluid  may  Ik  driven  into  the  snbcntaneous  ti.isuc  of 
the  lids,  and  even  into  the  orbit,  an*!  there  excite  violent  inflam- 
matlun.  If  the  secTetlon  be  copious  aud  the  sac  greatly  distendefl, 
it  is  Ixwt  to  make  an  incision  into  it,  and  in  this  way  o|)en  a  direct 
passage  into  the  mucous  membrane.  The  opening  must  be  made 
large  enough  to  allow  the  introduction  of  a  pencil  of  pure  or  miti- 
gated a  or  I  nitrate  of  potassium)  nitrate  of  silver,  with  which 
to  cauterize  the  interior  of  the  sac.  To  neutralize  the  superfluous 
nitrate  of  silver,  a  solution  of  common  salt  is  to  be  applietl  with 
a  tsimel-hair  pencil,  Tiie  wound  is  to  be  kept  open  by  a  piece  of 
catgut  80  long  as  it  is  wished  to  continue  the  cauterization  of  the 
inu<x>us  membrane. 

When  the  sac  is  very  greatly  distendeil,  Bowman  has  reoom- 
mended  to  excise  a  |>ortion  of  its  anterior  wall. 

The  un*leuiable  fact  that  strictures  of  the  lachrymal  duct,  after 
satisfactory  treatment  by  probing,  often  return,  has  led  to 
attempts  to  modify  that  method. 

In  the  first  place  it  was  undertaken  by  using  the  thickest 


>  many 
St  pos- 


TRGATMKXT  OF  I.AOHRYMAI.   DISEAHES. 


215 


sible  proljes,  or  expansible  lanilnaria  bougies,  to  dilate  the  strio- 
tare  as  far  aa  the  diameter  of  tUe  lachrymal  duct  would  allow. 
We  have  already  stated  tlie  objections  to  this  practice. 

Id  order  to  avoid  the  daily  imro«luction  of  the  probe,  AValton* 
ppnpnwd  to  use  a  style  which  could  be  alluwe<I  to  reiuuln  a  longer 
titiie.  Williamsf  also  favors  thiB  mrthixl.  So  feoon  as  U<iwman'8 
prolw  can  be  allowed  to  remain  iiiKerte<l  for  siy  half  an  hour 
witliout  annoyance,  it  may  ^nerally  be  aiwumed  that  a  style  made 
for  the  purjKti-c  can  be  worn  for  a  still  longer  time.  This  pnictice 
commends  itself  for  such  patients  as  are  unable  to  present  them- 
selves for  treatment  by  probing  as  often  as  is  desirahle. 

Finally,  JaescheJ  and  8tiliiiig§  have  p^op<^se^l  to  cut  through 
tlie  fttriotnrea.  Accortling  to  both  their  methods  the  cutting  in- 
strument is  to  be  introduced  through  one  of  the  canaliculi,  which 
can  hardly  l)e  dime  without  at  the  same  time  wounding  its  n-alls. 

I  have  therefore  prefen'e<l,  in  aome  cases  which  I  have  treated 
in  this  manner,  to  o|>cn  the  lachrymal  sac,  .«incc  a  simple  incision 
ia  its  walls  imn  always  Ir*  jnaile  to  hejil,  while  the  tutroduetion  of 
the  instrument  through  the  caaaliculi  causes  injuries  which  may 
l«id  to  their  entire  ohliteiation.  After  opening  tlir  nic,  Webi-r's 
knife,  either  alone  or  upon  a  director,  was  jiaw^il  thnnigli  the 
stricture,  which  was  inciseil  in  several  ditlereut  place?;  by  up-and- 
down  cuts  with  the  knife. 

Whether  strictures  return  less  frctjucntly  after  incision  than 
after  probing,  remains  yet  to  be  determined. 

The  former  much-em ploye<l  praiiticc  of  obliterating  the  lat^hry- 
inal  sac  is  not  often  indicated.  It  is  called  for  only  where  au  in- 
rnralile  blennorrliLea  exists  above  an  imperme*d)le  stricture  of  the 
canal.  To  do  the  operation,  the  wall  of  the  sac  is  split  as  widely 
as  possible,  the  wound  still  further  enlarged  by  sponge  tents,  and 
the  attempt  made  to  destroy  the  mucous  membrane  by  caustics 
or  the  actual  cautery.  Various  caiistit*  have  been  recommended, 
the  oonocntrated  mineral  acids,  chloride  of  zinc,  etc.     But  the 


*  British  Medical  Journal,  18U8,  i^pril. 

■f  Aiinales  tl'Oculiititgui',  9.  s«r.,  iir.  pag.  86,  and  Arch.  f.  Augea*  uod 
Ohrenhotlkunde  ron  Knapp  nnd  Muob,  B.  i.  pag.  7B. 

{  Arth.  f.  Ophtb.,  1B64.  B.  x.  2,  pa^^.  160. 

I  Ueber  die  Ucilung  ilcr  VerengerungdurThranenwegemittehtdcr  tuneren 
Inciftinn,  Cauel,  1808. 
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best  niPthcxl  is  the  iisc  of  nitrate  of  gilver,  to  be  neutralized  im- 
mediately jift^T  with  a  Milution  of  eommon  salt.  By  this  niethod 
one  VAU  be  certain  that  tlie  cautorizalion  is  liK-ali/od  and  is  not 
intiltratt^I  in  the  adjoining  titvsucA.  Knergetie  cauterisations  must 
be  made  daily  for  some  time  in  onJer  f!;r-adually  to  de?;lroy  the 
mucoiiH  memlirane.  Care  must  be  taken,  too,  that  the  eont^n- 
trated  solution  of  silver  which  forms  in  the  sac  during  the  cauter- 
ization <!oo.s  not  nin  through  the  canaliridi  into  the  conjnnHival  dac. 

If  one  wish  to  employ  the  artnal  cautery  fur  tlie  oblitt'ration 
of  the  lachr3'inal  sac,  the  galvano-cauatic  is  the  best. 

An  annoying:  epipliora does  not  always  remain  after  «»bliteration 
of  tlie  sac,  just  as  strictures  may  exist  witliout  givinj^  rise  to  any 
great  inconvenience,  provided  they  do  not  cause  a  blennorrho.'al 
intlanimation  of  the  mncons  moinlirane. 

If  rupture  of  the  lacliryinat  sac  occur  iu  chronic  dacryocystitis, 
the  o|x'iiing  gt?ncndly  cirwcs  under  pmper  treatment,  or  jwrhajw 
spoil t4Uicoiii*ly.  Often,  ho\s-cver,  it  sliuws  no  tendency  to  he;d  j  it 
contractjij  only  slightly,  the  e<l|;;es  l>ecome  calloas,  and  a  lachrymal 
fistula  is  establishetlj  out  of  wbioli  pns  and  tears  flow.  Especially 
is  this  the  ca«e  when  from  syphilis,  scrofula,  or  any  other  cause 
there  is  wiries  of  the  bony  walls  of  the  [achrymal  canal.  IJut 
fistulas  of  the  iachryuial  sac  occur  also  without  any  disca-se  of 
tlie  bone.  In  many  cases  the  opening  becomes  exceedingly  small, 
and  if  at  the  same  time  no  blcnnorrhcea  of  the  sac  exist,  or  very 
littU',  the  auntiyanoc  is  very  sliji:lit. 

The  Jirst  object  of  treatment  is  to  re-establish  the  normal  passage 
thn>ugh  the  nasitl  dtict.  The  presence  of  bone  disease  demand.?, 
besides  the  ItK-al  treatmcnl  of  the  diseased  bone,  of  the  mucous 
menibrane,  and  of  the  strictures,  treatment  of  the  existing  dys- 
crasia.  Especially  is  the  use  of  iodide  of  potassium  often  indicated 
iu  these  csiscs. 

If  there  be  no  bone  disease,  it  is  well,  in  addition  to  the  probing, 
to  touch  the  walls  of  the  fwtula  with  nitrate  of  silver.  If  the 
duct  Ik-'Iow  the  fistula  be  oblitcrateil,  and  if  there  ha  considerable 
blennorrh(je.a  of  die  mucous  membrane,  the  question  of  the  cauter- 
ization of  the  sac  arises.  Capillary  fintulas  are  best  left  untouched, 
since  w lien  there  is  absolute  impermeability  of  the  lachrymal  canal 
the  closure  of  the  tistula  will  probably  not  imjirove  the  condition. 

BpoutancouH  obliteration  of  the  lachrymal  sac  occurs  quite  rarely 


POLYPI  OP  THE  LACHRYSLVL  8Aa 

in  consoqiience  of  dacrj'ocystitis.    Soraetimes  when  this  txjcure  the 
foasa  lacryrualiH  may  he  seen  externally. 

Polypi  of  the  lafhryraal  sac  oorur  simnltineously  with  the  blen- 
norrhcca  of  its  mucous  merabmne.  Tlieir  prefien(re  may,  in  many 
«i8es,  l)e  recofpiized  by  the  fact  that  after  pressing;  out  tlie  blen- 
norrho?aI  secretion  through  the  puneta,  the  sac  is  not  emptied, 
but  still  offers  an  ehistic  rosistanc*.  There  is  no  difficulty  in  ex- 
tir|>ating  these  polypi  after  ojiening  the  sac.  Rut  su(;h  growths 
sometimes  ottuir  also  in  the  l(»\ver  part  of  the  UEtsal  duct.  I  liave 
at  least  once  during  an  anatomical  examination  iuund  a  pedicu- 
!ated  villous  growth  of  the  mucous  membrane  in  the  lower  third 
of  tlie  duct.*  In  such  cases  both  the  diagmjsis  and  the  treatment 
would  be  verv  difficult. 


*  Verhandlangen  der  mediciniscli-pbysikalitcheii  GeitilUcbaft  £u  Ware- 
Imrg,  B.  10,  pag.  xii. 
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dIkSEases  of  the  eyelids. 


UTFLAMMATJON  OF  THE   EPOE  OF  THE   LIDS.      BLEPHAniTIS. 

Many  inrlivulunis,  pspecially  those  with  a  scrofulous  dispo- 
.sitiou  luid  tc'tulcr  skiu,  are  allei'tetl  witli  a  slight  redness  and 
exfoliation  along  the  outer  angle  of  the  lids. 

Thu  Hkin  on  thoso  purts  is  gonendly  in  un  irritated  condition, 
which  Ufion  the  8lightoBtcuuBoaij«juniesuu  inthuiiiuatory  charueler, 
often  oonnet'twl  with  conjiini-tivitis.  Protection  fiX)™  injurious 
influonoes,  and,  wliere  there  is  great  irritiibility,  the  use  of  mild 
astringents,  for  instjince,  lead-water,  i.s  the  proper  ti-eatment. 

Severe  inflammation  of  the  e<l^c  of  the  lids  may  ixxinr  as  a. 
eonsequence  of  other  diBeaseti  which  liave  caused  long-continued 
hypera^niia  of  the  eonjunetiva  and  abimrmal  retention  of  the 
lachrynial  sietTctionw,  sneh,  for  instance,  as  chronic  inHaniinatioa 
of  the  conjunctiva  or  cornea,  or  stricture  of  the  nasal  duct. 
Bli'[t!iaritis,  however,  occurs  just  as  often  as  an  idiopathic  disease, 
and  gives  rise  during  its  course  to  swromlary  diseases  of  other 
parts  of  the  eye. 

The  mildest  form  of  hltiphanlis  is  that  in  "vvhirh  the  inflamma- 
tion occurs  at  cireniiiscribcil  poiiit-s  along  the  cilgo  of  the  li<l8 
while  the  intervening  spiicea  remain  normal. 

At  one  nr  more  places  nn  the  edge  of  the  lids  ncenr  circuni- 
wrihed  redness  and  swelling.  The  cilia  are  gluiil  Uigcther  by 
8cabs,  whiwe  removal  leaves  raw  bleeding  places,  or  deep,  crater- 
like ulcers  l«t\veen  the  cilia.  If  the  eyes,  as  when  sleeping,  are 
kept  for  a  long  time  closc<l,  the  edges  of  the  lids  become  glued 
together  by  the  dried  secretions. 

These  ulcers  are  best  cured  by  carefully  removing  Ihescab^  and 
causing  an  eschar  upon  the  raw  surfaces  by  the  application  of 
some  metallic  [tunstic.  Pencillings  with  acetate  of  lead  or  nitrate 
of  silver  in  2  or  3  per  cent,  solution,  or  with  a  concentrated  solu- 
tion of  sidphate  of  copper,  or  finally  with  the  red  oxide  of  mercury, 
21S 
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are  the  best  applications.  In  many  caaes,  especially  where  con- 
siderable tliicknc^s  is  a^soeiat^-il  with  moderate  ex<x>rlation  of  the 
edpes  of  the  lids,  I  have  seen  very  good  results  from  the  pencil- 
ling with  tincture  of  iodine  along  the  line  of  the  cilia. 

If  the  Inrsil  treatment  must  Ijc  ititnistiMl  to  the  patient  himself, 
prfj+oribe  a  wash  of  acetate  of  lea^l,  10  drops  liq.  plumb,  aeet.  to 
a  teacup  of  water,  and  a  salve  of  nitrate  of  silver,  1  to  2  |jer  cent., 
or  thu  red  oxide  or  animoniiwhlorideof  fmjrrurv,  1  to  2  pciMM-nt., 
genenilly  in  combination  with  the  oxide  of  zinc  and  the  uJdiiioa 
of  a  solution  of  lead,  for  instance: 

B  TVliilo  prwipitate  of  raoroury,  0.2-0.3  •=  about  gr.  iii-iv»3  ; 
Oxidu  of  zim-,  0.}M).&=:    '*       •>    ivns-viins; 

Olycerinp  ointment,  10.0        =    *^       3    iisa; 

Sol.  ocL'Uito  or  Icud,  gtt.  4-G. 

These  applicfltions  are  none  of  them  of  any  ns^e  until  the  4lrled 
secretions  idxiut  the  cilia  have  Ijcen  reniovwi  and  the  ulcers  ex- 
|X)8ed.  The  crusts  generally  cling  very  tenaciously,  so  timt  iliL'ir 
removal  is  painful,  and  is  gladly  nc|;Iertcd  hy  the  piiticnt.s.  The 
proi-ess  is  made  easier  by  previously  soAeuiiig  llioiu  with  oil  or 
warm  cataplasms.  When  the  crusts  are  remove*!,  the  salve  must 
bo  well  mbbcd  upon  lite  uli-crs  so  as  to  t-nuse  a  burning  s4'nsntton. 

Another  form  of  blepharitis  is  that  in  which  the  inllammalion, 
ulceraiion,  HUppuration,  formation  of  crusts,  and  thickening  of  the 
ctlgcs  extend  along  the  whole  luiigth  of  the  lids.  After  long  eon- 
tin  nance  of  the  disease  the  ciHa  become  ytraggling  and  irregular. 
They  are  either  entirely  destroyed  by  the  deep  ulcers  at  their  bases 
or  ihcy  are  replaced  by  ill-developed  after-growtlis. 

The  most  dangerous  an<l  oljstinatc  form  of  l)lej)huritis  is  that 
in  which  there  is  at  the  same  time  a  wide-spread  disease  of  the  in- 
t€|;ument  of  the  lids.  Besides  tiio  excoriations  on  the  e<lges  of  the 
h'd*, others  occur,  first  near, then  farther  fn>m  the  edges;  they  are 
covered  with  flat  eru.sts,  which  iipou  removal  expose  raw,  bleeiling 
surfaces.  The  skin  loses  its  softness  and  elasticity,  and  Iwcomta 
shrunken.  The  first  conswpience  of  this  is  f^n  ectropion,  which 
generally  very  early  turns  the  puncta  lacrymalia  outward  and 
interferes  with  their  function.  Later,  the  edge  of  the  lid  be- 
ouiues  more  and  more  rounded  ofl';  the  inner  angle,  us  well  as 
the  intermarginal  part,  gradually  dis:ippears;  no  trace  can  be  seen 
of  ihe  openings  of  tlie  MeilKiniian  tai:sal  glands,  or  the  puncta 
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lacrymalia;  the  position  of  the  outer  an^le  of  tlie  Ii<l  can  be 

niztnl  only  with  liiffifulty  by  the  few  rt^maininjj  cilia,  or 

by  the  [>norly  duvt^li^iied,  ]mlc  huiiii  which  have  taken  the  place  of 

tliom. 

These  changes  .stanil  in  8n<!h  cIoAe  caudal  i*clations  that  the  dis- 
ease runs  in  a  vicioii«  ciivlc.  The  lachrymal  H^M^retion  is  increast'tl 
by  the  inHaniniiitury  irritjition;  tliu  absonoc  of  the  normal  lubri- 
ailion  of  the  li(l=i  by  the  secretion  of  the  MeiUirniaii  tarsal  ghtndh, 
and  (he  iiupost:ibility  of  comhicting  away  the  teal's  tliroiigh  the 
eanaliculi,  cause  tlieiu  to  drip  coutinually  over  tlie  edge  uf  ttie 
lid.  The  irritritimi  and  shrinking  of  the  skin  and  the  already 
existing  ttlropion  are  ttieivby  iticreased;  the  everted  conjunctiva 
causes  the  lids  to  ai)i)ear  as  if  bordered  by  a  red  seam;  they  close 
only  itii]ii'rfc<'tly  upon  (he  eyeball ;  and  Hiially,  the  tttnihined  eiiect 
of  the  shurtciiing  af  the  skin  of  the  lidti  and  of  the  ei^tropiou  is 
that  the  pal|Kihrnl  fissure  can  no  longer  be  sufficiently  clo»*ed. 
The  eye  i^  deprived  of  the  greater  part  of  its  natural  protection, 
and.  Its  a  coujiccpienw,  «trn«d  ulcers  are  very  apt  to  ap|>eiir, 
espi'cially  on  its  lower  margin. 

The  disease  does  not  always  pr<x*ed  so  far  as  this,  but  at  an 
even  earlier  stage  it  has  passe^i  tlie  pos.sibi]ity  of  recovery.  l( 
ectrttpifin  exist,  if  the  angle  of  the  lids  iie  nuiiult^l  down,  and  if  tlie 
openings  of  the  tiirsal  glands  and  the  puncta  lacrymalia  be  ublit- 
erateil,  a  restitutio  ad  integrum  is  not  possible,  I'mper  trwitnient 
in  the  early  stages  is  tlierefore  not  to  be  neglected.  Es|>ecially 
is  the  tear-paasjige  to  be  kept  ojren,  since  a  ]>ori>etual  dripping  of 
the  tears  has  a  imjst  hurtful  iiiflueiii-c  A\'heiiL'Vcr  the  punctum 
lacrymale  is  dntwn  ouLward  from  itf;  normal  [Kjsition,  the  winalic- 
ulus  is  to  be  split  and  kept  o|>en.  It  is  well  also  to  ascertain  the 
IMTmcability  of  the  nasjil  duct,  if  ectmpion  develop,  its  efl'ect 
should  Ixi  resiHt*fd  by  pro^jer operative  treatment.  Suellen's  ectro- 
pion stitch,  to  be  described  later,  is  often  a  very  suitable  method. 
Among  the  above-named  external  apjvliciitions,  the  white  precipi- 
tate of  mercury,  alone  (>r  in  comi)iiiatirm  with  the  oxide  of  zinc, 
ia  es[>ecially  recommemied.  Quite  celebrated  is  its  combinatioD 
with  tur: 


B   Wliiti'  precipitate  of  mercury,  0.6-0.7fi  = 
Liquid  tar,  2.0  ^ 

Simple  oinluient,  7.6 


iftboutgr.  74-Ilf ; 
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Somewliat  rarely,  lice  are  found  upon  the  cilia  and  eyebrows. 
They  t-ause  ehronir  inflammation  and  g^reat  itrhinfj.  They  are 
eo  8ruull  an  to  Ix*  «u<ily  ovoriooked,  if  not  oxarniuLsl  with  a  leus. 
The  nite  fastened  on  tlie  cilia  cause  thein  to  appear  as  if  sprinkled 
with  a  blark  jK>wder.*  The  evi!  is  renioveil  by  cleanliness  and 
the  ^«^  of  mercurial  ointment,  oi*  pencillinf^  with  a  J  per  cent, 
fK>lutinn  of  corrosive  sublimate,  Ix'ing  oarefitl  to  allow  none  to  get 
into  the  eye. 

There  otlen  develop  on  tlic  skin  of  tlie  lids,  either  with  or  with- 
out other  simultaneous  conjunctival  afiections,  hyaline  cysts,  which 
tare  ven.'  small,  at  most  not  larjrer  than  a  pivppy-swxl,  and  which 
cause  senfiitivenis*  of  the  eye.  It  is  aufiii-ieiit^  simply  to  break 
them  with  the  finger-nail,  or  some  other  instrument, 

The  hortleolum  or  stye  occurs  in  the  form  uf  a  small,  Inlluraed, 
tender  swelling  on  the  edge  of  the  lid.  It  increases  in  ^'ix.ii  for 
faeveral  days,  when  resolution  or,  more  fi*ec|iiently,  suppuration 
occurs.  In  the  latter  <usc  the  tumor  points  and  breaks  at  tlie 
outer  edge  of  the  lid.  Since  the  plane  of  the  rupture  is  always 
near  the  cilia,  the  hnrdwilum  is  generally  regarded  as  an  iuHam- 
roation  of  the  hair  follicles. 

In  many  cases  the  hortleolum  is  afisociate<l  witli  great  swelling 
of  the  lids,  and,  when  ncjir  the  outer  canthus,  with  swelling  and 
reddening  of  Iwth  lids.  The  swelling  of  the  lids  may  be  so  great 
tliat,  at  first  glance,  the  existem*  of  Ulennorrhceal  conjiiuctivitis 
may  suggest  itself.  Sucii  a  tliagnostic  errt^r  may,  however,  l>e 
cttMiIy  avoide<I.  Aside  from  the  fact  that  the  sigas  of  blenuor- 
rhnia  are  ultscnt  from  the  cnnjunctiva,  the  swelling  of  tlie  lids  is 
always  loesdized,  being  greatest  near  the  hordeolum.  Moreover, 
Uie  eircuinsoribed  inflammatory  tumor  may  be  easily  recognized 
by  the  touch. 

Fre<jueiuly  several  hordeola  follow  rapidly  one  after  the  other, 
or  they  dcveh»p  with  pausty*  of  simic  weeks  between,  just  as  is  the 
lease  with  funincleH. 

The  treatment  may  be  limited  to  the  use  of  warm  fomentatioua. 
The  .'iptmtancous  rupture  occurs  generally  without  any  difficulty, 
but  if  it  lie  unduly  delayer!  the  process  may  be  hastened  by  punc- 
ture,    M'herc  tliere  is  a  persistent  tendency  to  the  development  of 


*  Miwkeuzie,  Practical  Tri.>«tiiM,  London,  18&4,  pug.  228. 
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hordeola^  ospccifllly  in  ecrorulous  individuals,  the  ordinary  saline 
roniwlies,  wilt-biiths,  etc.,  are  nn.'ommendwl. 

Aiioninlies  of  the  Meibomian  tarsal  glands  are  generally  due  to 
retention  of  thoir  Becretion.  It  ooUccte  often  in  the  excretory 
duoti^,  and  forma  small  round  prominences  u|>on  ihe  tarsal  jwrt  uf 
the  ttinjunetiva,  near  the  wl^eofthe  lid;  tht-y  cause  to  the  patient 
u  senMition  of  prefigure.  For  their  relief  it  Is  sufficient  to  split 
the  lit  do  tumors  in  the  direction  of  the  excrt'tory  dncte:  the  cou- 
lentti,  a  ioiism  riT*cnd>ling  steariiK%  are  then  easilv  prcsse<l  out. 

Oftener,  especially  in  old  |)eoplc,  the  retention  occurs  in  the 
di'ciMT  ]>:»rts  of  the  gttinds.  At  their  jxwterior  end.«  iliov  l>ecnme 
ilisiciidt'd  by  hardened  secretions,  farming  8nmll  yellow  tumors 
above  the  surface  of  the  conjunctiva.  In  some  cases  deposits  of 
litm*,  forming  stony  concretionH,  are  found  in  the  retuinod  gland- 
ular wcretions  (lithiasis  conjunctivae).  If  this  condition  caiuie 
hx^d  irritjuion  of  the  cfwijundiva,  chronic  conjunctivitis,  or  other 
unnoynnccH,  the  glands  may  be  opened  with  a  cataract-n(«dle  and 
ti»e  irontentH  evacuated. 

(Iinlaxion  is  the  name  given  to  a  circumscribed  tumor  in  the 
tai-wil  cartilage.  There  develops  generally  without  any  aimoy- 
lUKH's  a  swelling  in  the  cartilage  of  the  \kU,  In  some  cases  it 
rcnmins  for  a  long  time  small  and  stationary,  in  others  it  grows 
gnidutdly  and  forms  a  tumor,  jmijecting  on  the  outer  surface  of  the 
lit).  Since  il  develops  in  the  tarsus  it.sclf,  tlie  tum<trcau  Im;  moved 
uidy  with  the  curtilage,  ami  not  u])on  it.  If  the  eyelid  !«  everted, 
the  c»>rres|>onding  jMirt  of  tlie  tarsus  appears  slightly  yellow,  and 
ot^cn  Monunvhal  clevate<h 

Till'  i-ontcnta  of  a  chalazion  are  at  first  a  soft,  light-gray  mass, 
oniiaiitting  of  round  or  oval,  slightly  granular  cells  of  various  sizes. 
Fine  blniMl-vi'MHels  ramify  within  the  tumor,  l^rge  chalazia, 
wliich  have  existed  a  long  time,  often  have  light-yellow  tluid 
ttttiiiiMilJi. 

rht>  BWelling  may  vnry  in  si/e  from  that  of  a  pea  to  that  of  a 
httnel'UUt.  It»  spontanetus  rupture  occurs  but  seldom,  but  when 
[I  diHii,  ill  always  on  (he  conjunctival  surfa<»  of  the  tarsus.  Granu- 
lutiiitu  uiny  ({row  out  from  the  interior  of  the  tumor,  and,  bcc^miing 
tludetu'd  by  prewure  against  the  eyeball,  S]>read  out  on  all  sides 
uImiuI  ihtt  plui*c  of  rupture. 

Ill  thti  li^inning,  and  while  the  chalazia  are  still  small,  their 
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resolution  may  often  be  brought  about  bv  ext^riml  applicntions. 
lotlulc  of  {Mtnxsiiim,  in  the  form  either  of  an  oliitmeut  or  of 
a  strong  sohition  in  glycerine,  is  tlie  lK«t  to  employ  for  this 
pur^iose. 

Jf  tlie  attempt  to  eause  rwoliition  cloea  not  succeetl,  it  is  ad- 
visable to  leave  very  yninll  hard  ehala^tia  to  theinpclves ;  but  when 
tlie  tumors  attain  such  a  size  that  they  become  noticeable  an<l 
may  be  repmled  aH  a  <leformity,  tlipy  shonld  be  ronioved  by 
oiwration.  The  lid  is  to  be  evtrtwl,  and  i\w  tumor  r^plit  u|K>n 
tlie  wmjunotival  surface  in  a  direction  pep|>endicular  to  the  edge 
of  the  li»l.  The  contents  are  then  evacuated,  partly  by  press- 
ure on  the  outer  surface  of  the  lid,  partly  by  a  Davicl  spoon,  or 
some  such  suitable  instrument  introduced  into  the  cavity  of  the 
tumor. 

8ub«xiuently  the  cavity  may  be  cauterized  with  nitrate  of  sil- 
ver, to  be  followe*!  by  careful  ncuirjilization  by  a  solution  of  salt. 
Still,  in  most  cases  this  cauterization  appears  unnecessary.  The 
external  pniniinence  is  not  imnietliately  remove<l  by  the  incision, 
since  the  lough  tissue  of  the  tarsus  only  gradually  resumes  its 
normal  slmpe.  The  Hnal  residt  of  tliis  method  is  a  return  to  the 
normal  relations,  and  I  have  never  found  it  necessarj'  to  remove 
a  chalazion  from  the  outer  surface  of  the  lid. 

If  after  spontiineous  rupture  of  the  chalazion  gramilations  have 
formed  in  the  cavity  of  the  tiunor,  they  are  to  be  clipped  off  with 
the  shears  and  the  wall  of  the  cjivity  cauterized  with  nitrate  of 
silver. 

Oocji.aionaliy  there  occur  circumscHbnl  acute  inflammationH  in 
the  tarsal  cartihigt^,  which,  procee4ling  pntlmbly  from  the  Mcilx)- 
luian  glands,  cause  tlie  same  symj>toms  as  a  hordeolum.  The  dif- 
ference between  the  two  is,  that  tliese  tnmnrs  are  farther  from  the 
edge  of  the  lid  than  the  hoiiieolum,  and  that  when  suppumtiuo 
occurs  tliey  break  not  at  the  outer  eilge  of  the  lid,  but  always  on 
the  inner  surface.  The  trejitment  at  the  beginning  is  by  warm 
poultict's:  still,  it  is  not  advisable  to  wait  for  their  spontaneous 
rupture,  which  Is  generally  delayed  by  the  rcsistamx;  of  the  birnus. 
So  soon  OS  the  tumor  is  perceptible  alwve  the  general  conjunctival 
surface  of  the  lid  and  l)egins  to  grow  yellow,  it  should  he  split 
through  the  conjunctiva  in  a  dii-ectinn  perpendicular  to  the  eilge 
of  the  lid. 
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HERPES  ZOBTER   FRONTALIS  BIVE  OPHTHALMICUS. 

IIer|)es  toster  in  the  region  of  the  ramifications  of  the  first 
branch  of  the  fifth  nerve  Is  a  rather  rare  DfTection.  The  herpetic 
eruption  is  nK)st  frequent  in  the  r^ion  of  tlie  nervns  frontalis; 
it  mny,  however,  f'orre»iK>n(l  with  the  distrihutton  of  the  nervm* 
na^o-eiliariH  upon  the  uose,  even  to  its  extremity.  Exceptionally, 
the  eruption  occurs  in  the  rejjion  of  the  second  branch  of  the  fifth 
nerve.  Hutoliiuson*  states  that  the  part ici[>at ion  of  the  eye  in 
the  proeegs  is  most  frec|uent  when  the  presence  of  veeicles  along 
the  side  of  the  n(\se  shows  that  tlie  na.so-oiliary  branch  is  atTeoled, 
explaining  this  tendency  by  the  fact  tliat  the  long  root  of  the 
ciliary  j^ngllon  and  the  long  ciliary  nerves  spring  from  the  naso- 
ciliary bnuicb  of  the  iiCtb  |>air.  Bowman. f  however,  could  not 
satisfy  himself  of  thi.s  eoitictdenee,  and  llornerj  describes  a  case 
of  Koster  with  irilia,  in  which  the  eruption  upon  the  aide  of  the 
nose  entirely  fulled. 

The  iilftKrtion  boj^ins  geuendly  with  severe  ncuralj^ia  of  tlie  fifth 
nerve.  After  some  days  there  apjiear  swelling  and  redness  of 
the  skin  and  an  eruption  of  groups  of  herpetic  vesicles,  which 
graduidly  dry  and  become  converted  into  hard  crusts,  which  gen- 
erally leave  ileep,  }M'rnianent  ficjirs  when  they  fall  oft'.  Alnioat 
always  the  part  of  the  skin  affected  remains  a  long  time  anse&- 
thetic,  but  it  may  l>e  the  seat  of  severe  neuralgia.  This  nubse^J 
quent  neuralgia  appears  to  be  particularly  obstinate  in  oUI  people, 
and  it  may  be  so  severe  as  seriously  to  reduce  their  stnmgth. 
Joy  Jeffries  relates  a  case  in  which  a  patient  80  years  of  age  died 
in  this  way  in  consequen<«  of  berites  ophthalmicus.  Horner 
observed,  too,  a  remarkable  elevation  of  temperature  upon  the 
affected  half  of  the  forehead,  which  continued  for  a  month  and  a 
half  after  its  firet  appedrance.§ 

The  affection  of  the  eyes  may  precede  the  eruption  on  the  skin, 
but  generally  follows  some  days  after  it.  Aceortling  to  Horner, 
the  oorneal  aileelion  always  begins  with  the  api>earanoe  of  a  series 


*  Ophlhalmic  Ho»piul  Report*,  180fi,  vol.  v.  3,  pag.  214. 

f  ll>i{l.,  lfU>7,  vnl.  vi.  1,  piig.  8. 

X  Klin.  MomiUU.  f.  Au^^cnbeilk.,  IStiB,  png.  S71. 

{  Ibid.,  1871,  pHg.  321. 
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of  trnnH|mr<!nt  vesiolcs,  grouped  oftcner  u|Mm  the  mnrgin  than  nt 
th<?  centre  of  the  ouriK>a.  These  vesicles  hurst,  letiving  an  irreg- 
ular lojvs  of  siil>st:uit'e,  while  the  corneji  Ix'cimies  cloudy  over  a 
oonshlerabte  extent  of  it«  surfuee.  Siniuhnneously  an  anuisthesiu 
over  ne-arly  the  whole  surface  of  the  cornea  is  ol>P€rvabIe.  Very 
intcrrstinp,  trx»,  ia  the  simultaneons  ownirronop  of  marked  fliminii- 
tioD  of  tlie  intraooular  pressure,  which,  in  the  cju-ks  observed  by 
Horner,  dis;ipp«ire<l  only  slowly  and  simultaneously  witli  the 
feoovury  of  the  cornea  and  the  return  of  a  uornial  temperature 
oil  the  flide  aflecte<l.  Kwovery  from  the  corneal  affection  is  gen- 
erally slow,  leaving  o|>a('itie8  behind  it.  An  iritis  is  often  asso- 
ciated with  the  keratitis;  »lill,  it  may  ooeur  indejiendent  of  the 
corneal  atlt-otion. 

lu  severe  cases  irritability  of  the  eyes  may  remain  for 
months. 

Paralysis  of  the  oeulo-motoriiis  has  been  observed  by  Hutchin- 
son* a^  a  rare  complication  of  herpes  fronudia.  I  also  Iiave  ob- 
jterved  one  ca^e  in  wldch  mydriasis  and  paresis  of  accommiKlation 
^TCinainnl  in  tlie  al^eotc^l  eye. 

In  reference  to  diagnosis,  it  is  likely  t«  l>e  confounded  with  ery- 
npela».  The  jiains  which  precrede  the  eruption,  and  the  limitation 
of  ilie  disease  to  oncvlmlf  of  the  face,  art;  at  the  beginning  the 
(ttseutial  poiutis  to  be  observed  in  tlie  diagnosis.  Her|)C8  frontjtlis 
never  extends  beyond  the  luwliaii  line,  wliil*^  erysipehts  olwi-rves 
nn  such  law.  The  swelling  of  the  skin  is  l(*w  than  in  erj'sipelas, 
and  in  many  cases  is  quite  !«light;  the  herpetic  vesicles  are  smaller, 
more  sharply  circnnipcribeil,  and  more  numerous  than  are  those  in 
ery:*i|K.'las.  In  the  further  course  of  tlie  disea.se  tlie  uua:sthesiu  of 
tlie  |>art£  affected  and  the  formation  of  scum  are  ebaructeristic  of 
herfies. 

The  treatment  of  the  affection  of  tlie  eyes  consists  in  rest  nnd  in 

the  use  of  atropine.     On  aticoiint  of  the  severe  suliscquent  ueu- 

rnlgia,  Bowman  has  performed  subcutaneous  neUTOtomy  in  several 

aiset-,  [inrtly   with  temporary  ami   jtarlly  with   i^ermanent  good 

^results. 

Accorrling  to  Homer,  an  eruption  of  transparent  vesicles 
grouped  upon  the  cornea  occurs  in  connection  with  herjics  labialis 
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following  pneumonia  or  severe  catarrhal  affections  of  the  respira- 
torv  organs. 

Eczcnm  of  the  palpebral  skin  occurs  quite  frequently  in  chil- 
dren in  connection  with  eczema  of  the  face.  The  hypproeniin 
gcnemlly  extentlfi  from  the  skin  throiij^h  the  entire  thickneKs  of 
the  lid  to  the  cotijnnotiv'a,  there  causing  catarrhal,  hlennorrlnTpal, 
or  even  <liphtherilie  inflammation,  by  which  the  swelling  of  the 
lid^  13  still  further  increiised.  Keratitis  phlyctienulosa,  ami  its 
<'ons('niicn(xis,  ulceration  or  p:uinus  of  the  cornea,  are  fretjut-'nt 
cum  plications. 

IvnnfT-continneil  eczema  of  tfie  lids,  e-Hpecially  with  civexistiug 
conjunctival  swellinj^  anil  blupliaritis,  favors  the  occurrence  of 
ectropion  by  the  shrinking  of  the  skin. 

Erysipelas  of  the  eyelids  in  cases  of  fjicial  erysipelas  is  not  in- 
frwiuently  seen.  If  tlit*  inflammiition  be  principally  upon  the 
eyelids,  one  must  be  cai*eful  in  the  diagjnosis  to  distinguish  it  from 
conjnncliva]  blcnnorrlnca  and  from  acute  dacryocj-stitis. 

The  inflammatitiu  often  extends  from  the  eyelids  into  the  orb- 
ital oonnocrive  tissue,  ai»d  by  involving  the  optic  nerve  mny  <;ause 
blindness.  Severe  inflammations  may  go  on  to  suppuration  of 
the  sulx^utaneons  connective  tissue  of  the  lids  and  wide-spread 
destnK'tion  of  tht^ir  skin.  Jf  there  be  reiuson  Ut  fear  such  results, 
incisions  should  be  niadu  in  the  direction  of  the  6bres  of  the 
orbicularis. 

After  erysipelas  there  often  remains  a  pale,  painless,  (Edematous 
swelling  of  the  lids,  sometiiucs  so  great  that  they  can  scarcely  be 
opened.  In  such  casc^^  the  use  of  iodide  of  potassium,  either  as  a 
salve  or  in  a  strong  solution  in  glycerine  applieil  with  a  [>encil,  or 
pure  tincture  of  iodine,  is  indicated. 

It  is  onlv  seldom  in  the  conrse  of  erysipelas  that  extensive 
gangrene  ocrurs  upon  the  lids  or  witldu  the  orbit. 

Kxcejitionally,  erysipelas  of  the  li<ls  occurs,  of  an  exceetlingly 
severe  and  gangrenous  character  from  the  very  first.  Oiscs  of 
this  sort  may  prove  quickly  fatal,  and  are  generally  regarded  as 
the  consecjuenoe  of  an  infection  with  animal  jMiison.  Malignant 
pustule  uptm  the  eyelid  has  been  observed. 

Abscesses  of  the  eyelids  oeeur  ofteucr  in  children  tlniu  in  adults. 
They  are  generally  in  the  upper  lid,  and  cause  there  a  noticeable 
swelling.     The  treutmeut  is  by  warm  poultices  and  opening  of 
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the  alsccsfcs  bo  soon  as  Buctuation  is  felt  or  pus  can  be  seen 
thnmgh  tlic  skin. 

Svpliilitic  ulcers  occur  on  the  skin  of  the  eyelids,  and  nmy  l)e 
either  primary  or  secondary.  Tliey  generally  show  a  grtait  tend- 
cnc'V  to  extend  u|K>n  the  fsinTjUf,  and  (jfU-n  j>enetr«(o  ul.s*)  to  a 
couHJdi'rahle  tleplh.  If  lliuy  In;  uititatixl  near  tlio  e<IgL'  oC  the  lid 
they  are  very  apt  to  involve  the  conjunctiva.  ^This  appe.ars  to 
oceuroftencst  near  the  inner  amthits.  But  svffhilitit;  ul^'crs  occur 
on  other  |>arts  of  U»e  conjunctiva,  such  as  the  tarsus  and  fornix, 
and  |)ersist  with  great  ohstinacy. 

The  tnnitnient  deniamJs  lociil  iiniiterization  wilh  nitnite  of  silver 
or  tiie  appliavtion  of  the  red  oxide  of  mercury  to  the  outer  surface 
of  the  lid,  mid  in  addition  to  this  suitable  constitutional  treatment. 

Lupus  of  the  litis  trenerally  extends  from  the  face;  it  may,  how- 
ever, ap|Kiir  |>rimarily  on  the  lids.  AVhen  it  involves  the  con- 
junctiva it  cimses  it  to  shrink.  Syniblupliarou,  corneal  o|)aeities, 
and  •nl^f'ohito  blindiuwH  follow. 

('ir<nnnsoriht'<l  isnlnti-d  lupus  ulcers  also  o<vur  upon  the  mudur 
conjunctiva. 

Epithelioma  often  develops  upon  the  edges  of  the  lids,  and  in 
time  destroys  thrm.  Its  mrliest  possible  exfirjmtion,  eoniliinctl 
%\hen  pnicticable  with  a  blopharoplastic  ojwratiau  by  wliicli  to 
replace  the  lost  tissue,  is  the  proper  treatment. 

Telangiectai^in  of  the  lids  is  not  iinetHnnum,  and  may  l>e  situated 
either  in  the  skin  alone  or  iu  the  >iubeuUuieous  i-onuective  tissue, 
or  in  lx>th  at  the  same  time.  These  tumors  of^n  extend  deep 
into  the  orbit. 

The  treiitnient  is  not  essentially  different  from  that  of  telangi- 
Itctasia  in  other  [wrts  of  the  botly.  Su|K»rfioial  cantcrization  with 
fuming  nitric  acid,  inoculation  with  vaccine  virus,  or  puncture 
with  the  hot  iron,  or,  still  l>t^t.t(:r,  the  palvano-eaiLstic  pnnrtnre, 
ifi  suitable  treatnuut  for  most  ca^e^.  The  attem]jt  must  always 
be  made  to  i-aase  as  little  loss  of  skin  as  possible. 

Congenital  cj-sts  of  the  eyelids  ari^  generally  situatoil  on  the 
temporal  side  near  the  eyebrow.  They  wiutain  a  serous,  ofttm 
atheromatous,  Huid,  antl  often,  too,  hairs,  which  grow  from  the 
inner  walls  of  the  cyst,  Tiiey  often  lie  beneath  the  orbicularis, 
may  penetrate  to  a  considerable  depth,  and  may  be  conueclod  with 
the  (Miriosteum. 
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Their  extirpation  demanils  a  free  incision  of  the  skiu  and  a 
careful  dissection  of  tht*  external  wall  to  its  jMwterior  part.  If 
during;  the  rt|M?niU<)ii  the  cyst  be  wounded,  it  must  nevertheless  be 
carefully  extirpntetU  since  if  any  part  be  left  behind  it  is  apt  to 
delay  the  healing  of  the  wound  or  cause  it  to  break  open  anew. 

Abnormal  secretion  of  the  skin  of  the  eyelids  ik'cui"!*  as  a  loeal 
hypersecretion  of  the  sweat  p^lands  (ephidrosis).  It  causes  a  sen- 
sation of  itching  and  biting  u]>on  the  lids,  a  high  degree  of  irrita- 
tion of  the  conjunctiva  and  of  the  edges  of  the  lids,  and  excoriutinn 
of  the  skin. 

iS(>borrliqsa  is  an  abnormal  secretion  from  the  sebaceous  glands 
of  the  lidfi. 

Chronihidi'osis  is  the  name  given  to  an  abnormal^  generally 
dark-blue  or  black  discoloration  of  certain  portions  of  the  eyelids. 
It  api>c:irs  suddenly,  and  may  easily  be  w:isbe<l  oft'  with  water  or 
glycerine,  but  appears  again  in  a  wholly  in-egular  manner.  Re- 
specting the  naturu  of  this  affection  nothing  is  absolutely  known, 
but  it  is  certain  Ujat  sm^h  cases  are  not  all  simulatcil. 

Xanthelasma  or  vttiligoidea  are  names  given  to  a  peculiar  dis- 
ease of  the  skin  which,  from  anatomttsil  investigations,*  api>cars 
to  be  due  to  the  fact  that  the  connective-tissue  oells  in  the  isirts 
aff<«ted  are  filletl  with  yellow  fat.  It  ap])ears  as  dark,  straw- 
oolored  spots  slightly  elevated  above  the  general  surface  of  the 
skin,  which  develop  very  slowly  and  are  almast  always  situated 
on  the  eyelids.  Similar  spots  have  in  rare  cases  been  observed 
t]pon  the  ears,  the  elbows,  and  the  hands. 

BI^EPII  A  ROiSPASM. 

Spasm  of  the  orbicularis  occurs  in  verj'  different  fonus.  The 
mildest  consists  in  sh^rt  twitirhings  of  some  few  fibres  of  the 
orbicularis,  generally  in  the  lower  lid,  near  the  outer  cantbus, 
wbich  last  only  a  few  minutes,  are  due  to  no  known  cause,  and 

disappear  again,  causing  only  a  tem|M>rary  uncomfortable  sensation. 

Gcnerully  only  those  cases  arc  called  blepharospasm  in  which 

tlie  palpebral  6ssure  is  absolutely  closed.     Tliere  may  be  but  a 


*  Von  Baerfnsprung,  DewUche  Klinik,  ISoTi,  png.  17;  Wiildpypr,  Virchow'n 
Aroh.,  1871,  png.  818 ;  Virchow,  Arch.  f.  Puth.  Anat.,  1871,  pag.  604;  Manx, 
KHn.  Monut«bl.  f.  Augciih«ilk.,  1871,  png.  261. 
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single  spnBin  or  they  may  I)e  repcate<l.  The  eypHds  are  siuhlenly 
cIoMxl  durhig  8ume  (teooiids  or  minutes  by  u|Mism(xlic  twitchuigH 
aii<l  tlien  o|>ene<i  again.  The  spasms  occur  without  any  a])pai'ent 
■isusc  or  warning,  in  different  cases  with  different  degrees  of 
severity  iiud  frequency,  orten  with  sui-h  short  intervals  as  to  «»ake 
it  dangerous  for  the  patients  to  walk  upon  J'rctpicnteti  streets.  The 
u»ua]  eoniplicutions  are  hv|>enemia  of  the  connective  tissue,  dila- 
tation of  the  veins  of  tlic  lids,  and  more  or  less  photophobia. 

Besides  the  (uses  nf  .spasmodir  twitching  of  the  orbicularis, 
there  is  another  class  of  cames  in  which  4here  is  a  tonic  8i>asnio<)to 
chwure  of  the  eye.  For  this  very  rca-son  the  jmtients  are  exceeil- 
ingly  .sensitive  to  light,  generally  carry  the  head  l»ent  forward, 
and  are  not  able,  with  the  greatest  effort,  to  open  their  eyes. 
They  resist  also,  with  all  their  jMtwer,  the  forcible  opening  of  the 
litlf*,  on  awMtiiut  of  the  painful  diu/ling  sensation  thereby  c-aused, 
while  the  eye  itiMiW  rolls  s|Hismodiuilly  upward  and  is  hidden  under 
the  upper  lid. 

JScrofuloHs  blepharospasm  is  the  most  frc<]ncnt  of  these  forms. 
Keratitis,  in  scrofulous  individuals,  is  generally  eonnecte<J  with  a 
umcli  more  irritable  condition  than  iu  those  otherwise  iiealthy. 
So  long,  however,  as  an  acute  inflammatory  process  is  evident 
in  the  e<fmea,  the  closure  of  the  lids,  tlie  Mintmrtion  of  the  pupil, 
and  the  increjised  How  of  tears  will  be  i*egarded  as  reflex  8ymj>- 
toms.  But  if  the  inH:iinm:itory  prfK^ess  be  ended,  and  if  the  lids 
are  still  sjiosmodic-aMy  cl<>se'l,  ibe  blejtharospasw  loses  the  character 
of  a  i?.iniplc  reflex  affection. 

The  constitutional  nature  both  of  the  keratitis  and  of  the 
scrofulous  blepharospasm  is  shown  by  the  fact  that^  iu  the  great 
majority  of  cases,  they  occur  bilaterally.  It  is  advisable  to  resort 
to  the  chloroform  nurcusiH  in  order  to  make  a  more  thonmgh 
examination  of  the  cornea.  The  lids  can  l^e  then  easily  sepanited, 
ami  it  is  only  in  this  way  that  the  eye  can  be  seen  in  itfi  natural 
umdition,  while  if,  without  the  ana"<thetie,  the  Hds  Ix*  i'orcibiy 
o|iened,  the  [)ain  and  dazzling  cause  such  injection  of  the  con- 
junctiva, and  under  certain  circumstances  of  the  cornea  also,  such 
a  flow  of  tears,  etc.,  that  it  is  impossible  to  decide  whether  inflam- 
maiion  exist  or  noL  As  regards  treatment,  this  question  is  very 
im(tortaut.  If  in  scrofulous  blepharospasm  there  be  no  inflam- 
mation of  the  cornea,  the  ordinary  loc^l  applications  employed  iu 
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keratitis  (utro]>ino,  ointment  of  siibnxitlo  of  mercury,  calo;iicl, 
etc.)  are  rn>t  iiuiiwited,  on  the  rt»ntmr\',  are  hurtful. 

Often  the  corm-al  afl«:tion  Is  ht'aiwi,  or  nearly  so,  but  there 
is  an  iiiflamniatory  swelling  and  wonHion  of  the  conjunetiva,  by 
whieh  tiie  irritnl>ility  is  niiuntaineti.  In  such  eas^es  the  blepharo- 
spasm often  (Jisajipears  under  IikviI  trviitment  of  the  conjunctivji, 
best  done  with  a  1  or  2  per  eent.  solutiirti  of  nitrate  of  silver. 

A  pni[«T  conHtitntittnnl  treatment  in,  however,  generally  of  the 
gi-eatest  importanec.  Siih-haihs  are  excellent,  and  wlien,  as  is 
fre<piently  the  case,  the  eyelids  or  the  entire  face  appear  abnor- 
mally warm,  wa&liinj^  or  dipping  the  face  In  ice-water  gives  relief, 

Ju8t  as  reflex  symptoms  nliiih  have  been  excitwl  by  keiratitis 
may  continue  after  the  inflammation  lias  run  itji  coui-se,  so,  too, 
can  blepharos|>asm  be  ciused  by  foreign  bodice  which  wnun<l  the 
surface  of  the  cornea.  In  such  eases  a  sjMiamtHlic  eK>sure  of  ihe 
lids  ol\cn  cuntinuef^  long  after  the  tbrci^n  body  has  been  rcaioved. 
In  the  ftturse  of  lime  the  spasm  may  pass  over  from  the  eye  first 
iiijured  to  the  other  one. 

All  t3»ese  cases  are  due  to  a  primary  irritation  of  the  sensitive 
nprves  nf  the  ^'ornca  or  (wnjnnchva,  hut  the  reflex  spaHm  lasts 
itiiK-li  J<Migei'  than  tiie  primary  irriUtlion. 

Irritatiou  of  other  bpanehes  of  the  fifth  nerve,  efi|)eeially  io 
the  region  of  the  snpni-()rhitulis  and  dental  nerves,  Is  nifntionod 
as  a  muse  of  blepluirt>s])UHni.  Compression  of  the  trunk  of  the 
nerve  affecteil,  especially  where  it  lies  against  a  bone,  interrupts 
the  reflex  (lurrent,  anti  for  the  moniejit  relieves  the  spasm. 

A  very  peculiar  form  oi'  blo|iharospa8m  has  been  jMjinted  out 
by  Dondors*  as  **  sympathetic  neuro.sis."  After  one  eye  had  hwn 
lost  by  irido-cyclitis,  following  an  injury,  blepharospasm  apjKau'ed 
it)  the  other,  otherwise  healthy  eye.  It  was  persistent,  closed  the 
Ikls  abrtulutely.  and  disiippwiretl  immediately  after  tlie  extirpation 
of  the  primarily  diseaseil  eye.  There  was  in  that  case  evidently 
a  reflex  sj»usrn,  wht>M;  sonrc*^  was  in  the  t.-ye  first  injured. 

Blepharospasm  may  apjiear  in  connection  witli  sjuLsms  over  the 
entire  region  of  the  facialis,  or,  aller  having  ooutinued  a  long 
time,  it  may  «inse  snrh  siiasms.  Other  nervous  tracts  may  be- 
come gradually  involved. 
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Mat'Uc'iizic*  mentions  iinilatonil  blcjiliarospusm  after  injuries  of 
the  lieiul,  and  wnrns  against  wMifoiindinj^  it  witli  pamlysis  uf  the 
levator  palifebne  superioris.  The  twitching  at  the  angle  of  the 
liilft,  and  the  r<?^istam*e  when  the  nttcinpt  is  made  to  lift  the  lids 
with  the  Hnjjers,  ritnfirrn  the  dia^na-jis. 

Finally,  hy»tenu  hliLHihl  jje  nanied  as  a  cauee  of  blepharospasm. 

The  treatment  of  ble]>ltan>spaam  is  jri;nerally  not  very  satisfac- 
tory. The  usual  ni«?ans  employeil  are  the  told  douche,  cold  faoe- 
l»atht«,  and  tt>unter-irritiition  on  the  forehi-ad,  the  temporal  region, 
or  the  mastoid  pnwess.  Treatment  is  most  sueet^sful  iti  those 
raises  of  reflex  •'(^(osm  in  whicli  it  is  po^iblc  to  disi-over  the  place 
of  the  primary  irritation.  In  such  caHCis  Von  Graetef  retwrn- 
mc-ndeil  sulH^utaneoiis  injcetions  of  morphine.  He  also  practised 
the  diviiiion  of  (he  nervous  tnndv  which  cf)iuhiets  the  reflex  cur- 
rent, as  first  pn)]»osetl  by  Romberg.  Gorxl  results  may  be  ex- 
]iectet1  from  this  o(>eration  in  those  cases  in  which  the  sfmsm  can 
be  interrnptetl  by  pressure  on  the  trunk  of  the  nerve.  The 
supra-orbital  nerve  presents  oftenest  the  indications  f4)r  this  ojMjr- 
atiou. 

It  is,  however,  in  this  c<mnection  to  be  remembered  that  in 
many  ("ases  the  sfuism  may  Ix:  interrupted  by  ]>n»snro  upon  quite 
distant  |H>ints,  as,  for  instance,  in  a  case  observed  by  Charles  UeU, 
by  pri.'ssurc  upon  the  cartilages  of  tlie  riljs  in  the  left  hyiKiehon- 
driac  rej^ion.;^  In  hysterical  patients,  alst),  one  often  sees  the 
spasm  teni|>orarily  internipteii  by  jiressure  on  any  iuditlcrent  jMirt 
of  tlie  body. 

PTOSIS. 

The  inability  to  raise  the  upper  lid  may  be  due  to  im|>erfect 
action  of  the  levator  |>alpebne  musi^le,  forinstance^  after  injuries. 
It  may  Iw  due  to  j»andys?is  of  the  <>culo-motnr]us,  or  it  may  1)C 
that,  in  consequent  of  jiathologiiid  changes,  the  lid  h.is  l>coome 
too  heavy,  as  may  be  the  i-asc  in  chronic  conjunctival  inBamma- 
tions,  snch  as  trachoma,  bIennorrlio>a,  etc.,  or  in  jililegmonous  in- 
flnmmntion.  Finally,  abnormal  adhesirtns  may  hinder  the  raising 
of  the  li<le. 
■    t     -  " 

•  Praclk-al  TwrAlise  nn  tli*^  DisPMiw  f>f  the  Ej-ft,  London,  1854,  pug.  181. 
t  Arch.  f.  Opbth.,  B.  ix.  2,  pag.  73,  und  B.  iv.  2,  pug.  184. 
X  Miickefl»6,  1.  c,  ]i&g.  184. 
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In  many  indivitliinls  there  b*  such  a  siipcrHiiity  of  skin  on  tlie 
u[)\HiV  litl  tlmt  it  forms  a  fold,  which  may  hang  even  below  the 
edge  of  the  lid.  This  annoyance  may  be  relieved  by  excision  of 
the  superflnons  fohl  parallel  to  the  eoiirse  of  the  orbifuliiris  Hbrest. 
Tlie  same  operative  nK'tfiod  is  applicable  in  cased  where  there 
is  similar  relaxation  and  lengthening  of  the  skin,  causctl  by  re- 
peated facial  eryni^wlas  or  local  infiltration  of  the  lids. 

To  be  distinguished  from  the  ela-ss  of  eases  just  dcscriljod  is 
another,  in  wliieh,  its,  for  iristanee,  in  ]Hirtial  eon^eiiital  ptosis, 
there  is  neither  a  Dieclianieal  hindnuK%  to  motion  uor  an  elonga- 
tion of  the  ltd.  If,  in  these  case**,  the  [mtient  l>e  dtreett-*!  to  look 
downward,  the  difforemx;  In^tween  the  two  lids  <lihap)H*arSj  and 
accordingly  an  inciHion  of  the  skin  would  caase  a  shortening  of 
the  upper  lid,  wouhl  make  the  closure  of  the  eye  difliciilt,  and, 
upon  looking  downwar<l,  would  cause  the  upiK*r  lid  to  fall  behind 
the  other.  Von  Groefe,  therefore,  recommetided  in  such  cases  to 
excise  not  the  skin,  but  the  orbicularis  of  the  up|»er  lid  for  a 
breadth  of  from  7  to  10  mtu.,  in  order  tlmt  there  may  Ik*  leas 
resistance  to  be  overcome  by  the  weakened  levator.  The  skin  of 
the  lid  is  incisefl  parallel  to,  and  about  5  niiu.  from,  the  eilge, 
and  is  dissetited  up  on  both  sides  of  the  incision.  The  orbicularis 
is  then  raised  with  the  fort^ps,  and  a  pia^  of  the  jiroper  size  ex- 
cised. The  wound  is  closed  in  such  a  nnuiner  that  the  upper  and 
lower  remaining  jxirlions  of  the  orbicularis  are  included  in  the 
sutures.* 

A  peculiar  form  of  ptosis  sometiroat  o(!curs  in  connection  with 
contraction  of  the  pupil.  In  a  ca.«e  descril>e<l  by  Horner. t  a  simul- 
taneously oci'urritig  turges4i'nce  of  the  vessels  on  the  aficcted  half 
of  the  face  was  observed,  which  cuufinned  the  suspicion  that  the 
primary  difficulty  was  a  jwircsis  of  the  cervical  filament  of  the 
s^'mpatlietic  nerve.  It  is  well  known  that  irritation  of  this  nerve 
causes  dilatation  of  the  pupil  and  elevation  of  the  upper  lid,  due 
to  contraction  of  the  smoirth  muscular  fibres  in  it. 

Paresis  of  the  orbicularis  generally  (occurs  a.s  one  of  the  symfH 
fcoms  of  faeia)  paresis.  The  slightest  degree  of  weakness  in  the 
actiou  of  the  orbicularis  is  manifest  by  the  dripping  of  the  tears. 


*  Arab.  f.  Ophth.,  B.  Ix.  2,  pag.  67. 

f  Klin.  UoniiUbl.  f.  Augenheilk.,  1649,  pug.  11(3, 
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As  tlje  jmresis  incroaw-s,  tlic  lids  can  he  only  imperfectly  closed. 
In  extreme  caacs  thv  uj)|»er  lul  is  drawn  up  by  the  levator,  while 
the  under  one  sinks  of  it«  own  weight,  itn  edge  turned  away  irom 
the  eye,  so  tliat  Hnally  there  may  be  absolute  ec^tropiou. 

The  continual  gaping  of  the  lids  (lagophthalmus)  exposes  the 
eye  to  all  those  injurious  influences  against  whieli  it  mfiould  be 
protected  by  the  movements  of  the  lids.  Under  these  circum- 
stini'cs,  therefore,  intiammutiou  of  the  conjunctiva  and  cornea 
develops  ver)'  eai^ily. 

Relaxation  of  the  orbicularis,  indcjiendcnt  of  facial  jwresis,  often 
occurs  in  old  people,  and  causes  likewise  drtj>ping  of  the  tears, 
chronic  conjunctivitis,  aud  finally  ectropion  of  the  under  lid. 


EcrnopioN. 

In  acute  blennorrheej^,  es|iecially  in  new-born  infants,  it  often 
bap()ens  that  the  lids  are  everted  a^-cideutal[y,or  by  the  strong  con- 
tractions of  tlie  orbicularis,  and  that  they  cannot  be  replace*!  by 
the  |>ers<ins  present.  The  swollen  mucous  membrane  is  strangu- 
lated by  that  portion  of  the  orbicularis  running  along  the  eilge  of 
the  lid,  and  Ixjconies  in  consetjuence  very  f^leniatous.  Generaily, 
however,  tl»e  everted  lids  may  l>c  replaced  without  difficulty,  and 
held  in  position  by  a  pres^ure-band:ige.  If  the  swelling  be  so 
it  that  this  cannot  be  done,  the  coujuiietiva  shoukl  be  slightly 
'  fecanfied.  As  soon  as  the  repot*ition  of  the  lids  seems  permanent, 
the  local  treatment  of  the  blennorrhica  is  to  be  begun. 

Kctropiou  occttrs  oftener  assoc^iated  with  chronic  blennorrlKea  of 
the  conjunctiva,  I>y  which  the  tarsus  gnulually  l>««mes  softened 
and  the  lid  covering  it  becomes  not  only  thicker  but  broader  and 
er.  So,  too,  the  fibres  of  tlie  orbicularis  lying  along  the  edge 
of  the  lid  (Mirticipate  in  the  relaxation  of  the  tissues,  so  that  a 
somewhat  stronger  action  of  the  other  part  of  tlie  muscle  from  an 
jKcidental  irritation  or  fn>m  photophobia,  causes  an  eversion  of  the 
of  the  lid.  This  occurs  more  easily,  and  therefore  ofteuer, 
'on  the  under  than  on  the  upjier  lid.  This  form  has  l>een  called 
sarcomatous  ec^tropion,  atooe  the  everted  jKirt  of  the  conjuuctiva, 
which  is  continually  expose*!  to  the  air  and  all  the  injurious  sub- 
stances floating  in  it,  Ijecomes  much  thickene<l,  and  Hp{>eiirs  like  a 
cosh  ion -shaped  swelling.  In  such  a  condition  the  inuer  edge  of 
the  lid  is  gcnexally  obliterate*!,  and  the  outer  one  is  indicated  only 

U 


234 


ECTROPION. 


Fio.  86. 


by  a  row  of  poorly  devclojicd  cilia,  while  the  fjoaterior  anjrie  of 
the  swflling.  wlieru  it  lies  against  the  eyelmll,  is  se|mrat«l  by  a 
distinct  line  fn>ni  the  non-everted  part  of  the  ajnjunctiva. 

In  recent  cases  it  is  often  sufficient,  as  in  atnite  blennorrhosa, 
to  make  the  reposition  and  ai>ply  the  pivKsnrc-lmnduge.  If  the 
eiStropion  hua  developed  griidimlly,  and  ha^  already  existwi  some 
time,  the  roposition  of  the  lid  is  generally  quite  easy,  but  it  qnirkly 
f:ills  hack  into  its  abuormul  iMwiition.  Still,  in  tnany  of  these  cas<ai 
a  onrc  may  be  effected  by  proiier  lutail  treatment  of  (he  conjunctiva 
and  by  the  prensu re-Iran dagc. 

H'  there  be  i>ore*^plil)le  elongation  of  the  earlihige  and  lid,  it« 
normal  teni*ion   must    be  rcstoK^l   by  o]>emtion.     Aeconiing    to 

Adams,  this  is  done  by  the  ex- 
cision of  a  \vcdge-}?hn|>ed  ]tiece 
from  tlie  entire  thieUness  of  the 
lid.  The  breadth  of  the  pieoe  to 
be  excised  from  the  edge  of  the 
lid  is  determineil  by  measuring 
its  length  from  the  caruncle  to 
the  external  canthus  by  means  of 
a  loaii  wire  adapted  to  its  surface 
and  then  comparing  this  with  the 
normal  lid.  Two  incisious  a|« 
now  made  with  the  knife  through 
the  skin,  as  shown  in  Fig.  36. 
Their  distance  from  each  other  at  the  edge  of  the  lid  is  determined 
by  the  width  of  the  piece  nece-ssary  to  Ik*  excised;  tliey  converge  as 
they  desi-end  on  the  cheek  to  a  point  about  lU  mm.  below.  The 
piece  to  l>e  cxciseil  i.s  then  gntsjied  by  the  forceps,  one  blade  being 
plat^il  on  the  skin,  the  other  on  the  conjunctiva.  One  blade  of 
the  straight  stnssors  is  then  placed  in  the  wound  and  the  other 
blade  in  the  conjunctival  sac,  and  tlie  tissues  included  by  them  are 
cut  throTigl*  first  on  one  side  of  the  forcejM  and  then  on  the  other. 
Thus  there  is  cut  from  the  conjunctiva  also  a  triangular  piece, 
whose  apex  extends  beyond  the  thickened  portion,  nearly  back  to 
the  fornix.  In  order  accurately  to  unite  the  edges  of  the  wound, 
a  straight  pin  is  Uirust  through  U>th  of  tliem  cUwe  to  the  margin 
of  the  lid  and  just  in  front  of  the  cartilage.  The  edges  are  then 
brought  in  apposition,  and  held  there  by  a  thread,  wound  like  a 
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figure  8  about  the  two  ends  of  the  pin.  The  lower  part  of  the 
cutaneous  wound  is  unite<i  with  sutures. 

That  place  is  chusen  for  the  operation  at  which  the  ectropion  is 
greatest;  but  if  it  be  uniform  along  the  whole  edge  of  the  lid,  the 
excision  is  nia<]e  from  the  midtiln.  If  the  ocjtropinn  be  princiiKiHy 
at  th(?  outer  eaiithus,  the  oiwratiou  should  be  tarsorrapliy  after 
Walther's  method.  A  strip  from  4  to  5  mm.  long  atul  2  mm. 
broad  is  cut  from  both  the  upper  and  tlie  lower  lid,  by  incisions 
coDverginjy  toward  tlie  temple,  care  beinjz:  tiikcn  that  the  hair 
foltidcfl  Iwionpjing  in  the  jmrts  exoised  be  entirely  reinovetl.  The 
freshened  edges  of  the  lids  are  tlieu  united  by  the  pin  and  figure  8 
ligature,  and  thus  the  pal]>eI)nLl  Hssure  is  shortened^  the  lids  made 
more  tense  and  eau::^^^!  to  pre^  u\hm\  the  eyeball. 

Quite  similar  is  that  form  of  ectropion  which  occurs  in  conse- 
qnenec  of  atouiu  of  the  orbicularis  muscle  of  the  under  lid  (ectro- 
piuni  senile  sive  paralyticum).  The  operations  above  described 
or  DieflenlMcli's*  method  maybe  resorte*^  to  in  tlieae cases.  Dief- 
fenbach  made,  somewhat  above  the  lower  margin  of  ihe  orbit  and 
parallel  to  it,  an  incision  through  the  entire  thickness  of  the  lid, 
extending  it  by  a  prolw-pointed  knife  through  the  conjunetiva. 
The  conjunctiva  palpebrarum  was  then  drnwji  with  a  hook  into 
the  wound,  and  there  so  fjLstoned  with  sutures  that  by  means  of  it 
tlie  edge  of  the  lid  was  dniwn  ujnvard. 

A  similar  cfleet  is  obtained  by  the  tijhplinUiou  of  Snclicn*s  ectro- 
pitm  stilch.f  A  silk  threa<l  is  provided  with  two  nee<lles,  which 
are  thrust  into  the  conjunctiva  Ix'liiud  the  etlge  of  the  lid  at  about 
3  mm.  from  each  other;  they  are  thrust  downward  and  brought 
out  through  the  skin  alnnit  20  mm.  below  the  e<lge  of  the  ltd. 
The  loop  of  the  thread  lies  upon  the  cunjutietiva  jKimllel  to  the 
edge  of  the  lid,  and  the  two  ends  of  the  thread  run  parallel  to 
each  other  under  the  skin.  A  washer  of  soft  glove  leather  is  then 
placeii  on  each  end,  and  moderately  strong  tension  being  made, 
they  are  tied  together.  The  wiLshers  prevent  the  threads  from 
cutting  into  the  skin,  and  facilitate  their  removal  if  ext«ssive 
swelling  render  it  necessary.     In  this  way  three  stitches  are  in- 


•  Stiiub,  Diweri.  dt-  B1e|ihB.ropla«lice,  Berlin,  1885;  Cuaper's  TVochenschr. 
f^r  diK  geiainnit«  Ut;ilkuiiil»,  i. 
t  JMhmbcHcbC  der  Utrechter  Augenkliciik,  1870,  pag.  12D. 
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sertLHl,  one  of  which  it  is  well  to  place  rfiri'ctly  behind  tho  piino- 

tiiiii  liuTVinnli!.  If  llie  efltft  be  at  first  l<»f>  great,  so  as  to  iwise 
entrojiion,  the  irritation  so  cxcitetl  may  be  relieved  by  a  iew  drops 
of  olive  oil  and  a  pre.Ksiire-lMindage.  After  about  three  day»  the 
tlircads  lire  reiiiovt'd,  or  wlien  they  cause  no  very  great  irritatiou 
they  may  be  allowwi  to  cut  through  nf  themselves. 

Ectropion  caused  by  shrinking;  of  the  skin  of  the  lid  following 
blepharitis,  is  generally  curable.  Von  Graefe  recommonded  in 
thesf  cases  that  the  roumIe<l  ulwniteil  |)art  of  the  lid  Ijelonging  to 
the  ctmjunetiva  be  removed  from  one  canthus  to  the  other,  thiis 
separating  the  cutaiieou?'  and  ei>njunctival  (surfaces  of  the  L*d  for 
a  di!*taui.-e  of  from  13  to  20  mm.  In  order  now  to  changce  the 
jKijiition  of  ihe  cutaneous  surface,  sutures  are  place*!  tlirough  the 
superficial  fold  of  tlie  skin  near  tlie  edge  of  the  lid,  and  these 
are  c<inncctHl  with  similar  sutures  passed  through  folds  of  more 
distant  jmrts  uf  the  skin  upm  the  ftireheail  or  cheek,  a(^^>rtUng 
to  the  direction  in  which  traction  is  to  be  inatle.  If  the  parts 
be  strongly  dmwn  together  by  such  sutures,  a  very  considerable 
change  in  the  |W>siiion  of  tlie  edge  of  the  lid  ciui  be  etlected. 

Ectropion  caused  by  extensive  aud  deej)  penetrating  ilestruction 
of  the  skin  of  the  lids,  burns,  lupus,  etc.,  and  continuing  after 
complete  healing  oi'  the  ulceration,  may  often  be  relieved  by  the 
methods  of  oj>eratton  above  descrilied ;  more  frequently  they  re- 
quire a  blephuroplnstic  operation.  The  s:ime  is  true  of  ectropion 
remaining  after  caries  of  the  ed^e  of  tlie  orbit,  by  which  the  fascia 
tarso-orbitalis  is  shortened  and  the  skin  of  the  Jid  becomes  atl- 
hercnt  to  the  bone. 


ENTttOPION. 

The  turning  inward  of  the  margin  of  the  lid  occurs  in  two 
diftercnt  forms :  the  one  is  caused  by  the  abnornul  a^lion  of  the 
orbicularis,  the  other  by  the  shrinkage  of  the  conjunctiva  and 
tarsus. 

The  first  form  occui-s  only  upon  the  lower  lid,  and  generally 
only  in  old  pe<jple,  with  relaxwl  and  wrinkletl  skin.  If  the  entire 
orbicularis  be  relaxed,  and  yet  in  such  a  way  that  tlie  muscular 
fibres  lying  immwliatcly  along  the  edge  of  the  lid  arc  reUitively 
the  moat  tense,  it  may  liappen  that  every  irritjjtion  which  causes 
tlie  patient  to  shut  hia  eyes  tightly  causes  also  a  rolliug  inward  of 
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the  margin  of  the  lid.  The  entire  raai^in  of  the  lid  is  not  always 
turned  in,  but  frequently  only  the  temporal  half. 

Foreign  bodies,  all  kinds  of  inflammation  of  the  eyes,  and  slight 
irritation  after  oi^erations  are  the  priiicijjal  causes  of  this  kind  of 
entnjpion.  The  initution  wliich  the  cilia  cause  upon  the  con- 
junctiva and  cornoa  ccjiitributes  oi"  cuurne  to  perpetuate  tlie  irregu- 
lar action  of  the  orbicularis  and  to  increa^  the  entropion. 

A  slight  traction  upon  ilie  lid  is  generally  sufficient  t-o  bring 
the  margin  into  it£  uorinal  positiuu,  but  after  wiukiug  a  few  times 
it  again  rolls  inward.  Since  the  causes  of  this  form  of  entropion 
are  general ly  transitor)',  the  indication  in  most  eases  is  to  retain 
the  lower  lid  in  it^  normal  {x^sition  by  a  pre^sure-bamlagc  until 
the  cause  of  irritation  (inHuniination,  etc.)  is  removed. 

In  many  cases  it  is  suBicient  to  paint  the  under  lid  with  ci)Ik>- 
dion,  whicli,  by  8lirinking,  furnishes  8uflieieiit  traction,  (icnerally, 
however,  the  skin  of  the  lid  Is  so  moist,  from  the  oontinunl  flow 
of  tears,  that  the  collodion  will  not  hold.  In  such  coses  an  ad- 
hesive plaster  bandage  is  more  effective. 

The  skin  of  the  lid  is  first  made  tense  by  strong  traction,  made 
at  the  same  time  both  outward  and  inward  ;  a  strip  of  adhesive 
plaster  about  1  cm.  broad  and  from  4  to  10  cm.  long  is  then 
fastened  close  under  the  edge  of  the  lid  and  pamllcl  to  it,  and  so 
placed  that  being  fastened  first  over  the  region  of  the  lachrymal 
BBC  and  then  strongly  .«tretrhed,  its  otlicr  end  is  fastenwl  over  the 
aygomatic  process  u|M)n  lUe  skin,  whicii  has  been  slid  inward 
toward  the  outer  angle  of  the  eye.  The  strip  of  adhesive  plaster 
is  then  |)atnted  with  collmlioii  in  order  to  make  it  impermeable  to 
fluids,  and  still  furtlier  to  increaj3C  its  tension.  If  the  effect  be 
not  yet  suflRcient,  a  second  strip  of  plaster  may  be  placed  upon 
the  first  in  a  direction  nearly  |Jcr|H'ndicular  to  it,  and  fastened  on 
the  lower  jaw  so  as  to  make  tractiim  downward. 

If  after  the  removal  of  the  original  irritation  the  entropion 
still  persist,  it  then  becomes  necessary  to  oppose  a  continuous 
counter-tension  to  the  abnormally  increasetl  tension  of  the  mar- 
ginal jwrtion  of  the  orbicularis.  This  is  done  by  an  operation. 
The  operation  for  the  sulK^utaneous  formation  of  cicatricial  tissue 
may  be  resort«l  to  as  follows : 

A  fold  of  skiu  in  the  middle  of  the  lid  and  just  below  it£  edge 
is  seized  between  the  thumb  and  first  finger.   Through  the  base  of' 
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the  fold,  to  the  median  side  of  the  tiiuinh  an<l  finger,  a  thread  18 
passed  by  a  curved  needle  thrnst  from  lielow  upward, and  then  again 
at  a  distance  of  from  2  to  4  mm.  from  above  downward.  A  second 
thread  it*  placed  in  the  same  manner  on  the  tem]K>ral  side  of  the 
finger.  The  ends  of  eat'h  suture  80|)arately  are  then  brought  to- 
gether and  tied.  The  fold  ia  thus  fixed  and  partially  sirungtilated 
at  two  points  about  I  em.  distant  from  each  oUier.  After  from  48 
to  60  houra  the  li^tures  are  removed. 

The  threads  should  not  be  too  fine,  lest  they  cut  through  too 
soon,  and  they  should  not  be  cut  off  too  short,  lest  their  removal 
should  l>e  ma<le  diflfienlt  by  the  swelling  of  the  skin.  After  iiome 
days  the  swelling  disappeurs,  and  gradually  also  the  fold  in  the 
skin,  and  the  cure  is  eifected.* 

There  are  other  metho<l»  iutondofl  to  effect  the  same  object,  by 
filiortening  the  skiu  of  the  lid  eitlier  by  the  excision  of  an  oval 
piece,  or  according  to  the  following  method  by  Von  Graefcf 
ThrG<?  mm.  under  the  edge  of  the  lid,  and  iKirallel  to  it,  an  incision 
is  made  through  the  skin,  and  corresponding  in  length  with  the 
paljK'bral  fissure.     A  triangular  pie<!e  of  skin, — Fig.  36, — Ay  is 

theu  remove<l ;  the  two  lateral  fl!i|«, 
H  and  C,  are  loosenal  somewhat, 
and  are  united  to  each  other  by 
two  or  three  sutures.  The  horizon- 
tal wound,  which  gapes  but  little, 
is  left  to  citaitrize. 

Entropion  from  the  shrinkage 
of  the  conjunctiva  and  tarsal  *arti- 
lage,  occurs  in  the  majority  of  eases 
as  the  result  of  trachoma.  Tiie 
entropion  generally  develops  in 
such  a  maiuier  tliat  in  tlie  first 
place  the  inner  edge  of  the  lid  diB- 
appeurs  in  consequence  of  the  conjunctival  shrinkage,  and  tliereby 
the  outer  edge,  tttgether  with  the  cilia,  is  turned  toward  the  eyeball. 
In  most  cases  there  is,  cflpecially  upon  the  upper  lid,  at  the  same 
time,  a  shrinkage  and  bowl-shaped  curvature  of  the  cartilage, 
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*  Arlt  (nach  Qaillard  und  R«u),  Augeaheilkunde,  iii.  pag.  808. 
t  Arch.  f.  Ophlh.,  B.  x.  2,  pRg.  2ti8. 
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involving  either  a  part  or  the  whole  of  the  margin  of  the  lid. 
This  causes  the  nmrpn  of  the  lid  and  the  cilia  to  turn  still  more 
iuward.  The  »hrinkugc  occurring  about  the  roots  of  the  cilia  in- 
terferes with  their  nutrition,  and,  moreover,  gives  a  false  direction 
to  some  of  them,  so  that  thin,  pale,  jjoorly  develrtpwl  hairs  pene- 
trate the  margin  of  ttie  lid  in  an  abnormal  direction,  sprouting 
moi%  toward  the  inner  angle  (trichiasis  and  disticliiasis).  This 
evil  is  still  further  increased  bv  the  laot  that,  in  conswjuence  of 
the  deformity  of  the  cartilage,  the  marginal  Hbrc;*  of  the  orbicu- 
laris rest  upon  a  plane  inclining  downward  upon  the  eyeball,  and, 
moreover,  they  are  constantly  contracted  by  the  irritation  always 
existing  iji  such  eyes. 

Simultaneously  there  is  often  a  contraction  of  the  paljiebral 
fisBure  at  the  outer  cauthns  (IvUphfirophimosis),  caused  for  the 
preaier  part  by  exairiations  and  subswjueut  uniou  of  the  etlges  of 
the  two  lids  at  this  place.  Together  with  the  occurrence  of  the 
t)lepharf)phimosis  there  is  often  a  shrinkage  of  the  taivul  iH)rtion 
of  tlie  conjunctiva,  and  as  a  conse<jueuce  of  tliis  the  oiiter  angle 
of  the  eye  seems   bridged 

over  by  a  fold  of  mucous  '^'*''  ^^' 

membrane,  extending  sev- 
end  millimetres  toward  the 
me<linn  plane. 

If  the  blephiirophimosis 
be  extreme,  its  relief  is  often 
B  preret|uisite  to  tlie  jier-  ^'**'*'^^W^\^^ 
formance  of  an  entropion 
0|»en»t  ion.  The  ex  tenia) 
caothus  is  split  in  a  hori- 
xontal  direction  witti  a 
strong  pair  of  Mjissors,  one 
blunt    point    of    which    is  ^ 

thrust  behind  the  external  / 

commissure  as  far  as  possi- 
ble into  the  conjunctival  sac. 
To  prevent  the  lids  growing 

tiigether  again,  the  conjunctival  and  cutanefius  eflges  of  the  wound 
should  Ik;  united  by  sutures,  as  shown  in  Fig.  37. 

In  the  operative  treatment  of  entropion  with  trichiasis  anJ  dis- 
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tichiaMis,  the  result  to  be  aimed  at  ts  while  retaining  the  cilia  to 
give  them  a  pm[>er  Hirei.-lion. 

Upon  the  uikIct  lid  this  may  generally  be  done  by  one  of  the 
methods  of  operation  above  desoribwl.  They  are,  however,  not 
ap]ili(abk'  to  the  iipiHT  \u\.  Tht*  op«'i-ation  there  is  as  follows.  A 
horn  spatuta  is  tlirii>'t  under  the  upper  lid,  which  in  then  rolled 
upwanl  upon  it  until  the  margin  of  llie  lid  is  somewhat  raised. 
Thon  with  a  smjilj  pointwl  knife  an  ineision  is  nmde,  from  a  point 
near  the  punctuni  liiL-nnialL'  along  the  line  of  the  moutlus  uf  the 
Meibomian  glands,  the  whole  length  of  the  lid,  and  about  3  or  4 
mm.  <]eep,  thus  dividing  the  lid  into  two  leaves  (Fig.  38),  the 


Fio.  38. 
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inner  one  (^ntaliiing  the  (!onjunetiva  and  tarsal  fsirtilage,  witli  the 
tarsal  glamU^  and  the  outer  one  the  skin»  the  fibres  of  the  orbicii- 
lariH  and  the  eilin,  t^igclher  with  tiieir  bullw.  The  skin  of  the 
liil  being  now  held  tense,  au  incision  is  made  thnnigh  the  outer 
leaf  nboiit  3  or  4  mm.  from  the  edge  of  the  lid,  and  parallel  to 
it.  This  incision  must  be  some  millimetres  longer  iit  eat'li  end 
than  the  inoisiion  made  npon  the  edge  of  the  lid.  The  outer  leaf 
of  the  lid  is  thus  transformed  into  a  kind  of  bridge,  entirely  free 
except  at  the  two  ends,  li'  this  be  not  the  ca.se,  if  the  bridge,  at 
least  in  its  middle,  be  not  free^  the  knife  is  to  l)e  introduced  in  the 
upp«T  wound,  and  its  prjint  made  to  ap[>car  in  the  lower  one;  the 
uomnuinioation  l>etween  the  two  is  then  to  be  enlarged  to  corre- 
spond to  the  lower  wound.     This  being  done,  a  crescent-ehaped 
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piece  of  skin  is  to  be  excised  (Fig.  39).  Its  size  is  to  be  deter- 
niinctl  by  the  degree  of  the  entropion  and  tlie  amount  of  superflii- 
oiis  skin.  To  remove  this  pitre  u  thinl  inrision  is  ma^lt?  with  the 
koife,  as  shown  in  Fig.  39.  The  skin  included  between  the  two 
inirisions  is  then  gntspcd  with  tlic  fon-eps,  and  dissected  up  from 
the  orbicul:iris  with  tiie  knife  or  curved  scishors.  If  the  orbicu- 
lariSf  in  wnscquence  of  the  habitual  ajntmetion  by  which  it  has 
wmtributtil  toward  maintaining  (he  entropion,  lie  too  stmngly  de- 
veIo|»ed,  its  niurgiuai  fibres  may  be  cut  away.  The  wound  in  the 
Burface  of  the  lid  is  then  closed  with  sutures,  beginning  in  the 
middle.  When. this  is  done,  the  wound  on  the  margin  of  the  lid 
gnpes  widely,  the  outer  leaf  being  drnwu  up,  and  in  such  a  pavi- 
lion tliat  the  cilia  are  horizonUd,  or  jK^rhajw  directed  somewhat 
upward. 

The  after-treatment  eonsi.st-s  simply  in  eold-water  dressings. 
The  sutures  are  removed  in  from  30  to  36  hf>urs.  The  wound  at 
the  e<lge  of  the  lid  becomes  eovcrei^  with  a  plastic,  yellowish-red 
substunce,  and  heals  in  fn)ni  3  to  (i  days,  without  riuppuration. 
The  worst  uecideiit  wliich  i-un  ha])pen  in  the  det^tructinn  of  the 
cutuneous  bridge  in  one  or  more  places  by  suppuration.*  In 
order  to  redut^*  this  danger  as  much  as  pfxssible,  Von  Gmefef  has 
projKeed  so  to  motlify  the  operation  that  it  is  begun  by  two  ver- 
tical incisions  running  down  to  the  two  angles  of  the  eye,  through 
the  skin  and  orbicularis,  fonuing  siile  iHmndaries  to  the  part  to  be 
transplanted.  The  intermarginal  incision  is  then  made  Just  as  in 
Aril's  method.  The  outer  leaf  is  then  pushed  up  3  or  4  mm., 
and  sewed  along  the  vertical  incisions.  If  there  lie  any  su[H'r- 
fluoiis  skin,  an  oval  piece  may  be  excised  from  the  lid.  This 
methcKl  presents  no  essential  advantJiges.  As  a  general  rule,  jx'r- 
pendicnlar  incisions  upon  the  eyelids  should  be  avoided  m  much 
as  possible. 

The  results  obtained  by  Arlt's  method  are  generally  so  satisfac- 
tory', and  the  operation  is  so  simple,  that  for  the  ordinary  demands 
of  pnictice  it  may  lie  regariled  as  sufficient.  However,  there  is 
one  essential  element  in  these  forms  of  entropion  which  this  oper- 
ation docs  not  affect,  namely,  the  bowl-sha])ed  deformity  of  the 


*  Arlt  (nach  J^cho),  Augenheilkunde,  i.  pag.  146. 
t  Arch.  f.  Upbtb.,  B.  x.  2,  paj,'.  226. 
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tarsal  cartilages.  Other  operations  have  therefore  betm  proposed, 
with  a  view  of  iuiproviug  tlie  8hu|>e  of  the  tar^t  curtilages,  and 
ill  that  way  healiug  the  entropion.  By  the  Cram pton- Adams 
nietliotl,  the  tjirstifi  is  divide*!  by  two  vertical  iitcinions  made  near 
the  angles  of  the  eye.  Theste  iueisious  are  aljout  5  mm.  in  length, 
and  tlieir  np]>er  end.s  are  united  by  a  third  incision,  in  the  carti- 
lage, nmdc  from  the  inner  surface  of  the  lid  and  parallel  to  its 
edge.  The  margin  of  the  lid  is  now  evertetl,  and  held  in  tliat 
position  by  cxeising  an  oval  picwe  of  the  skin  and  closing  the 
wound  with  Buturea.  Care  is  to  be  taken  tliat  the  vortical  in- 
cisions ID  the  cartilage  do  not  reunite  tofj  quickly.^  The  objections 
to  be  made  to  this  niothtui  ar*^  with  reference  to  the  vertical  in- 
cidionft  in  tlie  margin  of  the  lid  and  the  incision  of  the  tarsus  on 
the  conjunctival  .^-ide.  Among  the  operations  intende*!  to  improve, 
the  form  of  the  curtilage,  that  of  Snellen  de-serves  the  preference.' 
It  18  as  follows.  In  or<ler  to  control  the  bleeding,  tho  upper  lid 
is  strongly  stretched  by  a  horn  Kjiatnta  thrust  under  it,  or  it  U 
oompresjsed  by  means  of  Snelieu's  blepharos|wth.*  Au  iiieislou 
is  then  made  through  the  skin  the  whole  length  of  the  lid,  2  or  3 
mm.  above  its  wlgi^  and  pandk'l  to  it;  the  ykin  of  the  lower  lip 
of  Ihe  wound  is  then  somewhat  loosenetl  and  a  strip  from  the 
marginal  portion  of  the  orbicularis  taken  away  with  the  scissors; 
nejirly  the  whole  of  the  tarsus  is  thus  ex[>osod.  With  a  small, 
very  sharp  knife  two  hori/ont;il  incisions  are  made  along  the 
whole  length  of  the  tarsus;  they  ctinverge  downward  toward 
the  ooiijnnetival  sui'faoe  of  the  tarsus,  and  thus  a  wedge-formed 
strip  is  cut  away  from  it.  These  incisions  do  not  pass  through 
the  cntirt^  thicknt^s  of  the  tarsus.  lis  conjunctival  surface  is  not 
cut.  A  furrow  being  thus  made  upon  tlie  suH'aoe  of  the  tarsys, 
it,  together  with  the  edge  of  the  lid,  is  then  tnrnwl  outward  in 
the  folh)wing  manner.  The  skin  of  the  lid  is,  in  the  iir«t  place, 
slid  upward,  and  in  tliat  way  the  upi>er  margin  of  the  tarstis 
is  exposed.    A  ^Ik  titread,  provided  wltli  two  needles,  is  then 


*  A  kind  of  forceps,  ono  arm  of  which  U  a  metal  plate,  correspond iog  In 
iSz/Q  and  Khape  to  the  tipper  lid,  under  wliiL-h  it  is  thruM.  Tlii!  otlii^r  arm  of 
the  forceps  is  roundiah,  and  so  curved  that  it  covern  the  edge  of  the  plate,  with 
the  oxfoption  of  that  pari  which  correaponds  with  tht-  c-dgc  of  the  lid.  Tha 
foruep!)  may  be  clamptnl  tugfthor  hy  a  screw,  and  in  that  waj  all  annoying 
hemorrhage  prevented. 
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nl  by  means  of  one  of  the  nettlles  throuj^h  the  upper  raar}j;in 
Mjf  the  tarHn.s;  the  two  ends  of  the  thread  arc  then  hroiight  down 
over  the  anterior  surfatie  of  the  tai-sus,  are  passed  through  the  lower 
lip  of  the  wound,  and  are  brought  out  just  above  tiic  roots  of 
tlie  cilia,  at  a  distant^'  of  about  3  or  4  mtn.  from  eaeh  other.  In 
order  to  bend  the  tarsus  outward  uiid  tu  turn  the  e43ge  of  the  lid 
upward,  it  is  neccsHaiy  to  draw  upon  these  threads  quite  Htronglv 
and  tie  them  togellier;  this  may  easily  cause  them  to  eut  thn^^uign 
the  ekin.  In  order  to  avoid  thfe  evil,  it  is  well  to  place  a  washer 
of  glove  leather  U)x>n  each  end  of  the  thread,  juRt  as  in  the  ectro- 
pion o|>oration  (see  page  235.)  Nevertheless,  necrosis  of  the  skin 
of  the  Htl  is  often  caused  by  the  pnssure.  The  presence  of  the 
waBhers  facilitates  the  removal  of  the  threads  on  about  the  second 
day. 

Three  suturen  ore  placed  m  this  manner.  It  is  unnecessary  to 
c1o6e  the  wound  in  the  skin  by  sutures.  The  ends  of  the  three 
sutures  Ijcfore  mentioned  are  fastened  with  adhesive  plaster  above 
the  eyebrow  npon  the  forehea<l,  and  in  this  way  tJie  two  lips  of 
the  wound  are  held  in  api>o8ition.  Since  there  is  no  excision  of 
the  skin  counectwl  with  this  operation,  it  may  without  any  injury 
be  rciK-atcd  if  the  effect  be  insufficiejil  or  if  rcla|)ses  (K-K-iir  in  the 
further  course  of  the  trachoma. 

If  not  the  entire  margin  of  the  lid  but  only  a  part  of  the  cilia 
be  turned  inward,  or  if  the  condition  in  general  be  so  slight  that 
a  serious  o|)eration  dtx^snot  seem  to  be  indicate,  theafteoted  place 
apon  the  margin  of  the  lid  may  l^e  cauterized  with  concentrated 
sulphuric  acid. 

If  up^jn  an  otherwise  normal  lid  only  a  single  ciliura,  or  a  very 
small  number  of  them,  turn  inward  and  irritate  the  cornea,  they 
may  be  restored  to  their  normal  jxisition  in  the  following  manner. 
Both  entis  of  a  very  fine  tliK^ad  or  a  sutticiently  long  hair  are 
placed  together  and  passed  through  the  eye  of  a  needle  so  as  to 
form  a  loop.  The  needle  is  then  inserted  just  at  the  root  of  the 
falsely  placed  cilium,  and  is  brought  out  exactly  in  the  line  of  the 
normal  cilia.  The  thread  is  then  drawn  so  far  through  that  only 
a  small  loop  protrudes  at  tfie  place  of  entrance,  am]  in  this  the 
abnormal  cilium  is  placcil  with  the  force|)s.  The  loop  is  tlieu 
drawn  through  so  that  the  jwint  of  the  cilium  is  brought  to  view 
between  the  uormal  cilia.     If  the  cilium  do  not  foil  out  too  soon, 
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the  position  and  dliTotion  of  its  follit'Ic  may  be  in  this  way  per- 
manently L'huiiged.  TijLS  method  was  described  by  Celaus  us 
"illaqueatio." 

Occasionally,  in  [jatients  who  arc  annoywi  by  a  senBation  as  of  a 
foreign  b*xly  in  the  eye,  thei-e  may  be  fuund,  either  with  the  naked 
eye  or  liy  the  help  of  a  lens,  a  nnmlMir  of  very  fine  cilia  (strongly 
develojieil  lanugo),  which,  with  their  points,  touch  the  caruncula 
lacrymalis.     Epilation  is  the  only  remedy. 

E>i.stLehiasi.s  congenita  is  very  nire.  In  tliis  comlition  the  ctlia 
at  the  outer  edge  of  the  lid  are  normally  developed,  but  from  the 
jntermarginal  part,  near  the  mouths  of  the  tarsal  ghuids,  there 
springs  a  second  row  of  cilia  which  lean  against  the  eyeball.  In 
many  cases  there  exist  still  other  congenital  anomalies;  for  in- 
stance, in  one  csLse  M'liich  I  observed  tliere  was  epicanthus  and 
bilatenil  ptosis  congenita;  in  another  case  1  foun<l  a  cleft  in  the 
soft  |>alate. 

Amnion  has  given  the  name  cpicanthiis  to  that  condition  in 
which  there  is  a  redundancy  of  skin  njxin  the  bridge  of  tJie  nose, 
and  OS  a  con8e<]neuce  the  inner  canthus  is  covered  by  a  vertical 
fold.  It  occurs  only  wlien  the  bridge  of  the  nose  is  very  Hat,  and 
in  its  highest  gnulca  is  geneniUy  associatctl  with  congcnitiil  pt(.isi^ 
If  it  seem  desirable  to  relieve  the  condition  by  ojwratiou,  it  may 
be  done  by  the  excision  of  an  elliptical  piece  from  the  superflupus 
.skin  on  the  bridge  of  the  nose. 

Congenital  cleft  (coloboma)  of  the  upper  lid  has  been  observed 
generally  associated  with  other  congenital  anomalies.  If  the  cleft 
be  so  deep  that  it  re<]uire.*i  to  be  (?losetl  by  an  o{>eratiou,  its  edges 
are  to  be  freshened  and  then  united  with  sutures. 


SYMBLEPHARON. 

Symblepharon  is  the  union  of  the  inner  surface  of  the  lid  with 
the  eyeball,  following  dentruetion  of  the  conjunctiva.  Burns  with 
hot  metal,  conce[iLrate<l  mineri*l  acids,  lime,  and  unskilful  cjiuteri- 
zations  with  nitrate  of  silver  are  the  usual  (^uses.  It  very  seldom 
follows  wounds  made  with  sharp  instruments. 

Since  it  is  almost  always  due  to  an  actudentjxl  spurting  of  the 
caustic  into  the  eye,  the  scleral  and  pal^wbral  conjunctiva  are 
generally  siiuultaneoaily  destroyed  and  the  cornea  involved  in 
the  injury 


SYlfBLEPHARON. 


The  immediate  coDsoquence  of  tlie  injun-  is  generally  a  severe 
traninntic  keratitis  ami  ponjnnrtiviti.s  in  which,  during  the  acute 
stage,  the  palpebral  figure  is  kept  closed  eitlier  by  the  swelling  of 
the  lids  or  by  the  irritation.  Dnring  this  time  arlhesions  form 
between  the  two  raw  surfaeesi  iif  the  (M)njnnetiva  ur  Ijetween  the 
inner  surface  of  the  lid  and  the  injured  eornea.  These  adliefsiouu 
remain,  although  they  become  somewhat  stretched  when  motion 
is  restored. 

The  form  and  extent  of  the  adhesions  varj'  according  to  the 
injury  to  the  conjunctiva.  The  destruction  genejTilly  ox  lends  \ysu']i 
to  the  fornix,  so  that  the  lids  adhere  to  the  cyelwll  throughout  a 
great  extent  of  surface.  Often  in  ^ii<*h  cases,  when  bcith  lids  are 
involved,  the  pal[>ebral  fissure  becomes  shortened,  and  the  mobility 
of  the  lids,  as  well  as  of  the  eyel>j\ll,  is  liinitoil. 

In  other  cai*es  the  adhesion  of  the  two  conjunctival  surfaces 
extends  forward  from  the  fornix  to  the  edge  of  the  lid  in  an 
oblique  direction  ;  a  probe  ean  then  lie  thrust  for  a  greater  or 
less  distance  under  the  ailln!sit)n  till  its  point  reaches  the  end  of 
the  iwcket  thus  formetl  by  the  Hynible|)ltunin. 

Finally,  it  sometimes  hap[x-i]s  that  the  adhesions  do  not  extend 
back  quite  to  the  fornix,  but  bridge  it  over,  so  that  a  probe  can  be 
pasErcd  under  it. 

In  consequence  of  these  adhesions  the  movements  of  both  the 
lids  an<l  eyeball  arc  impeded.  This  gives  to  the  patient  a  sen- 
Kitiun  of  traction,  and  where  the  eye  still  possesses  vision  it  causes 
diplopia  corresponding  to  the  defect  of  motion. 

The  removal  of  the  eyiubleplmron  may  be  indicated  either  to 
restore  the  function  of  the  eye,  or,  where  that  cannot  be  done,  to 
render  possible  the  ust»  of  an  artificial  one. 

If  the  cornea  be  entirely  destroyed  by  the  injury  which  caused 
the  symblepliaron  and  there  be  no  desire  to  wear  an  artificial  eye, 
there  is  no  indication  for  an  operation.  If  a  useful  degree  of 
vision  still  remain,  or  if  in  case  of  extensive  corneal  opaeiticii  it 
may  be  re-established,  for  instance,  by  an  iridectomy,  the  removal 
of  the  symblepharon  should  bo  undertaken  when  the  adhesions 
do  not  involve  more  than  half  the  upj>er  or  lower  lid.  More 
extensive  adhesions  cannot  he  relieved,  not  from  any  difficulty  in 
dividing  tfiem,  but  because  oi'  the  impoayibility  of  preventing 
their  reunion.   After  the  division  of  the  adhesions  the  two  wounded 
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surfaces — that  of  the  lii)  and  that  of  the  sclera — lie  in  apposition, 
and  they  are,  moreover,  wntinuous  with  each  other  when,  as  in 
usimliy  the  case,  the  adhesions  extend  Imck  to  the  fornix  instead 
of  bridging  it  over,  as  wc  liave  said  occasionally  happcna. 

The  simple  contact  of  the  two  wounded  surfaces  would  cau^ial 
no  ditliculty.     The  niitural   movements  of  the  eye,  or  a  frequent 
lifting  of  the  lid  from  the  eyebull,  arc  sufficient  to  prevent  reunion. 
JSiit  if  the  wounded  siirfaccis  are  (rontinnous  with  eaeli  otlier  atToaSj 
the  fornix,  a  cicatricial  process  l>egins  there  which  gradually  but' 
Burely  brings  the  eye  back  to  its  old  condition.     The  inij>ortant 
tiling  is  to  ]»revent  the  two  surfatKis  from  being  united  by  cicjitricial 
tissue  at  the  fornix.     An  effort  sliould  be  made  to  bridge  over 
the  fornix.     This  is  done  by  passing  a  lead  wire,  by  means  of  a 
curved  needle,  through  the  deepest  [lart  of  the  syrablepliaron  and 
allowing  it  to  lie  there  till  a  ciciitrix  has  formed  about  it.     This 
always  recpiires  several  weeks  or  months,  and  occasionally  nothing 
more  is  acoomplislied  tlian  that  the  wire  gradually  cuts  tlirough, 
and  the  eieatricial  tis-sne  closes  up  after  it. 

Aril  lias  pn>posed  a  good  method  by  which  the  conjunctiva  is 
united  by  sutures  at  tfie  fornix.  If  the  a<lhesious  be  not  too  wi<le, 
it  is  Cii-sy  afUT  <livi<ling  them  to  sew  up  the  wound  upon  the 
eyeball  by  passing  sutun^,  by  means  of  a  curved  ueetlle,  through 
the  connective  tissue  and  subeoujunctival  fascia  from  one  lip  of 
the  wound  to  the  other.*  If  in  doing  this  the  conjunctiva  l»e 
drawn  too  tense,  so  that  the  sutures  thi'catcn  to  cut  through,  it  is 
well  to  relieve  the  tension  by  lateral  incisions,  such  as  are  made  in 
plastic  operations. 

in  tiiose  cases  in  which  an  adhesion  has  formed  in  a  slanting 
diretrtion  from  the  fornix  up  to  the  margin  of  the  lid,  it  is  well, 
after  sei>amting  the  adhesion,  to  close  the  wound  at  the  fornix, 
since  it  is  from  that  point  tliat  the  cicatrix  re-forms. 

A  bridge-like  symblepharon,  which  does  not  extend  down  Into 
the  fornix,  tiiay  I^  divided  upon  a  director  whicli  has  l)een  passed 
under  it.  A  suture  is,  under  these  circumstant^s,  not  alisolutcly 
necessary,  but  for  safety  tlie  wound  in  the  conjunctiva  »cler»  may 
be  clo&e<J  with  stitches. 

AiYer  extensive  burus  upon  the  faoe  in  tlie  neighborhood  of  the 
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eyelids,  and  often,  too,  after  ulceration  by  Inpus  in  this  rej^ion, 
there  may  be  a  total  otx.'lusion  ol"  the  pul[>ei>ral  fissure  (anelivUj- 
blepliaron).  No  trace  of  the  eyelids  is  left ;  the  eyeball  is  covered 
by  tiphtly  stretchwl  cicatrioial  tissue,  through  whioh  it  can  some- 
timee  be  recognized  by  It«  inovt^mentK,  and  tlirougli  wljicJi,  too,  it 
may  receive  a  eennalion  of  light.  No  improvement  can  be  made 
by  an  oin-r-aiion,  ^ince  in  such  cases  the  cornea  is  either  destroyed 
or  unitwl  with  the  cicatricial  tissue. 


BIvEniARPOLASTIC   OPERATIONS. 

The  indication  for  a  bleplmroplnstic  operation  is  given  by  an 
extensive  Ioks  of  substance  from  the  eyelids.  In  most  cases  its 
object  is  to  cover  the  loss  of  substance  remaining  after  the  extir- 
[Mition  of  tumors  upon  the  liiU,  or  to  relieve  an  ectropion  which 
is  due  to  cicatricial  contraction  after  ulcerations  or  other  h)*«  of 
8ul>stan<'e. 

Tlie  most  in){H)rtant  |)ointfi  to  be  oUserved  in  doing  blcpharo- 
ptastic  operations  are  the  following : 

1.  A  normal  part  of  the  defw^tive  lid  ought  never  to  be  sacri- 
ficed, because  the  new-formed  jKirt  c>f  tlio  lid  t-an  1h?  moved  only 
by  what  remains  of  the  original  one, 

2.  Healthy  conjimctiva,  even  wlien  in  a  state  of  inflammatory 
irritation,  ought  never  to  be  cut  away.  Where  ]>osBible,  it  is  to 
be  uswl  for  lining  the  edge  of  the  new-forrne<l  lid. 

3,  The  piece  of  skin  to  be  transplanted  must  not  be  taken  from 
too  distant  a  part.  Jt  iniiwt  l»e  so  cut  that  the  flap  is  neither  too 
econt  nor  too  long,  in  which  latter  case  it  will  roll  together. 

4,  Finally,  it  iS  advisable  so  to  plan  the  o|>erution  that  the 
defect cause<l  by  cutting  out  the  flap  does  not  need  to  heal  by  gnm- 
uhition,  since  otherwise,  in  consc*juence  of  the  cicatricial  contrac- 
tion near  tlie  transplanted  flap  and  upon  its  ]x>sterior  surface,  a 
deformity  is  caused  in  the  new  liil.  The  hope  express^!  by  Dicf- 
fenbach,  that  the  cicatricial  txin tract! on.s  under  and  near  the  flap 
would  neutralize  each  other,  has  not  l>een  realized. 

With  these  rules  in  mind,  tlie  plan  ibr  each  separate  ojwration 
is  to  be  made,  since  the  individual  variations  are  so  great  that 
zUmot  every  case  requires  some  peculiar  arrangement  of  the  ia- 
ciii-ioDS.  It  would  be  e.\ceetling  the  limits  prescribed  in  tfiiswork 
to  take  up  tliia  subject  exhatistively.     It  will  suffice  to  describe 
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the  orijriiial  iiietliotl  of  DicffeiilKicIi,  since  with  slight  modiBca- 
tions  it  is  suitabk'  Tor  tho  niajorit}'  of  oibgs. 

In  the  case  of  the  under  lid,  the  extirpation  of  tlie  scar  or  tumor 
18  SO  made  that  a  triaiigulHr  loss  of  siilt^ULiicc  rctuains.     It!=i  lKi.se 

a  o  (Fig.  40)  is  turnoti  toward  the  lid, 
its  a\)QXy  6,  is  directed  downward.  To 
't  replace  the  defect  a  6  r,  DieffenlMich 
made  the  flap  c  d  c,  which  he  dissected 
up,  leaving  Uie  fatty  tissue;  and  after 
sto]>ping  the  henioniiage  and  cleans- 
ing the  previously  exposed  triangular 
space,  he  moved  the  Ihijj  over,  so  ttiat 
its  upper  l>order  occupied  tlie  place  of 
the  margin  of  the  lid,  or  was  joined  to  it  iu  case  the  margin  still 
remained  ;  the  median  margin  of  the  flap  Wii^  thus  brought  over 
to  the  line  ab.  The  flap  i»  t^titclied  first  at  the  inner  angle  of  the 
eye.  It-s  upi>0T  mnrgin  is  then  stitched  to  the  conjunctiva,  or  to 
the  margin  of  tlie  lid,  if  that  l>c  still  pr<9K.'nt ;  the  wound  at  a  b 
is  close<l  in  the  same  way  after  its  median  lip  has  been  dissected 
upwanl  somewhat  from  the  siibcutaiieous  tissue. 

There  remnins  now  on  the  tem[Kira]  side  of  the  transplanted 
flap  a  defect  which  is  left  to  cicatrisse,  but  whicli,  without  any 
injury,  and  indccil  with  advantage  to  the  flap,  may  be  somewhat 
reduced  by  sutures  ptaeetl  at  the  angle  d, 

Szynmnowski*  proposed  to  give  to  the  trauHplanted  flap  the 
form  c  h  e.  The  advantages  are:  I,  tliat  tfie  t1:ip  b  c  h  c  is 
lunger,  and  even  after  its  contraction  tills  the  space  a  b  c  with- 
out causing  tension ;  2,  that  its  upper,  broader  margin  may  be 
stit^-hed  out  bevond  the  outer  angle  of  the  eye,  thus  making  the 
best  |K»ssibk'  provision  agiiinst  ith  linking  downward;  and,  3, 
that  the  dci'wt  may  1k'  more  easily  clos«l  from  the  acute  angle  h, 
Blepharop]n.stic  o|>eration6  are  much  more  ditlioult  u[Km  the 
upper  lid.  The  simplest  and  best  method  is  that  of  Diefl'enbach, 
for  which  8/ynmnowski  also  recommcnde4l  his  mollification  of  tlie 
acute-angled  flap.  The  defect  abc  (Fig.  41}  is  covered  by  a  flap, 
b  c  d  Cf  Ixtrrowwl  from  the  temple.  Since  this  is  considerably 
brotulcr  than  the  delt:?ctj  itM  union  may  Ije  insured  by  sutures,  Dot 
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only  along  the  line  ab  but  also  at  n!.     Moreover,  the  whole  defect 
may  be  covered  by  sutures  iroui  f  to  d  anil   from  c  to  </.     The 
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hurtful  influence  which  the  cicatricial  contraction  at  t-his  place 
may  exert  u]mhi  the  fm-ni  of  the  new  lid  'nt  tiiereby  diiniiiisliod, 
and  at  the  same  time  ttie  8111111*63  at  d  act  to  prevent  Ixith  the 
tranj-plaiited  flap  from  drawing  upward  and  the  lower  liil  from 
sinking  downward. 

Pjo.  42. 


When  this  method  is  not  practicable,  the  transplantjition  of  aa 
oval  or  tongiie-sha[xtl  rtii]>  from  the  temple  or  forehead  may  t>e 
undertaken,  as  shown  in  Fig.  42.  This  method,  first  propwed 
by  Fricke,  has  the  disadvantage  that  the  newly  made  defect  can- 
not^  on  a(!couut  of  its  oval  sluijx!,  he  entirely  closed.  Moreover, 
the  oval  flap  has  a  s|>ecial  tendency,  on  account  of  the  cicatriciaJ 
contraction  on  it«  -under  surfaw;,  to  draw  itstJf  concentrically 
tt^ther  into  a  gpheHcal  ma.^B.  If  the  flap  he  very  long  and 
tongue-shaix^,  there  is  danger  of  gangrene  occurring  at  il^  j^wint 

LfOss  of  Rubslance  at  tlic  inner  angle  of  llie  eye  may  be  rcplncRl 
by  transplantation  from  the  skin  of  the  noec,  or,  if  tlmt  l>e  not 
prai'ticablc,  from  the  forehead.  M'^ith  loes  of  Hnl)8tance  at  the  outer 
angle  of  the  eye  the  cla-iure  of  the  wound  is  not  difficult,  as  the 
ekin  in  this  region  is  so  looeely  attached. 

In  many  cases  the  l»Iepharnpla'*tic  methods  above  described 
may  be  dis]>ensed  with,  and  small  pieces  of  skin  transplanted  from 
distant  parts  of  tJic  body,  or,  indeed,  taken  from  other  persons. 
This  metlitxi  has  before  been  practised  in  surgery  for  healiug 
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ulcers,  cloeing  loeees  of  substance  after  bums,  etc  For  replacing 
lost  ti!s**ut'  uiH>n  the  eyelid  one  may  pHK-ccil  as  follows.*  A  ^mall 
fold  of  skill  is  raised  iijwjii  tlie  foresirni  witli  the  thumb  and  fore- 
finger ;  its  base  is  then  transfixed  with  a  knife,  and  seiKirated  at 
one  end  ;  it  is  tht-n  grus(Hxl  witli  tlie  fonfjis,  uiid  the  wliole  fold 
cut  away  witli  a  ]>air  of  Hcissors  curved  on  the  tiat.  lu  this  way 
a  fimall  piece  is  obtaincti,  raatsuring,  after  it«  eontraction,  from  3 
to  8  mm.  ill  every  dirwlion.  Thiy  is  j>hiccd  upou  (he  raw  surface 
and  i^refully  spread  out  with  the  probe.  The  wound  is  covcrc?tl 
us  fully  as  [xiseible  with  a  thick  mosaic  of  such  little  pieces,  10  to 
20  in  numl>er,  aci'ording  to  llic  size  of  the  defect. 

The  entire  wound  is  then  coverwl  with  gold-beater's  skin, 
which  is  sufficiently  transiwirent  to  allow  tlie  observation  of  the 
traiispliuited  pieces.  Finally,  to  insure  perfect  rest,  both  eyes 
are  chiscd  with  a  pressure-bandage,  whicii  is  allowed  to  remain 
unchanged  for  24  hours. 

The  result  of  tiie  operation  may  be  predicted  after  the  very 
first  day,  by  tlie  changes  in  color  pproeptible  through  the  gold- 
beater's skin.  Those  little  pieces  whicJi  adhere  show,  after  36  to 
48  hours,  a  bright  redness,  which  gradually  grows  darker.  Even 
if  some  of  them  retain  their  pale-yellow  *oIor,  become  surrounded 
by  a  bn)wnish-black  zone,  and  tiuully  iniinuuify,  it  may  still  lie  the 
case  that  only  the  epidermis  has  died,  while  the  cutis  has  adhered. 
There  is  nothing  to  prevent  substituting  new  pieces  for  those 
which  have  died,  and  this  is  adviijuble  in  order  to  avoid  tlie  hurt- 
ful infiucDce  whicli  continual  suppuration  may  exert  ujkjd  the 
living  pieces. 

W  this  nietho<l  Ijc  determined  on,  for  instance,  in  a  cicatricial 
ectropion  whi(rh  otherwise  would  pe<|uirc  a  blepharoplastic  oper- 
ation, the  first  step  is  to  detach  the  lid  from  the  cicatrix  by  an 
inci^ion,  if  pofwilile,  1|  or  2  cm.  from  the  edge  of  the  lid.  The 
cicatrix  is  to  be  dissected  up  till  the  ectropion  is  iully  relieved 
and  the  palpebral  fissure  can  be  closed  without  any  difficulty. 
This  la-st  is  the  most  important  point  in  the  oi>eration,  and,  no 
matter  how  large  the  wouud^  the  lids  must  be  allf>weil  to  dose 
perfectly. 


*L.  de  W'ccker,  De  la  Grtifl«  (lentiif]ue  ea  Chirurgi«  ocuUire,  Anokla* 
d'Oculiitique,  Juillet  ot  Aoat,  1872. 
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The  margins  of  the  two  lids  are  then  freshene<l  at  several 
points  aud  united  wiili  sutures.  The  covering  of  the  wounded 
surface  is  not  to  be  undertaken  until  its  edges  have  Rattened 
duwu  aud  free  suppuration  is  edtablishe<l,  on  the  seventh  or  eighth 
day.  The  transplantation  effects  an  absolute  cure  of  the  extensive 
woundc<l  surface,  which  otherwise,  by  its  cicatricial  w)ntraction, 
would  have  been  sure  to  cause  ectropion  again.  When  the  cure 
16  finally  made  Kurc,  the  last  step  is  to  rc-o{>CQ  the  |}ali}cbrai  lissure 
which  had  been  closed  by  the  tarsorraphy. 

Transplantation  is  resorted  to  in  a  similar  manuer  in  cases  in 
which  there  has  been  extensive  loss  of  substance  on  the  lids,  in 
consequence  of  wounds,  burns,  or  operations. 


DISEASES  OF  THE  CONJUNCTIVA. 


Although  id  describing  the  diseases  of  the  conjunctiva  they 

are  divitlcd  into  certain  groups,  it  raiist  be  rcmcmberetl  tlmt  in 
practire  tite  bouniJaries  of  these  gwiups  are  very  iisdiatiiiel.  Ca8ce 
often  occur  which  may  projxcrly  eiiinjgh  l>e  classed  in  either  one 
g^iip  or  another.  For  instance,  what  was  originally  a  simple 
caturrliul  conjunctivitis  may,  by  neglect  and  continual  irritation, 
pass  into  a  oJironio  blennorrhneal  or  trachomatous  state.  Plilyc- 
tennlar  oonjunetivitts  alx)ut  the  niai^in  of  the  cornea  pi'eseuts 
another  example  of  this  kind.  One  often  sees  an  acnte  catarrhal 
or  mild  blcunorrhical  swelling  (K.'cur  siuinltanetHisly  with,  or  some- 
what later  than^  Uie  phlyctenules.  Conjunctival  diseases  of  vari- 
ous kinds  often  present  a  peculiar  appearance,  differing  from  their 
typical  forms  in  the  fact  that  the  conjunctival  follicles  are  ubuor- 
mally  prominent. 

These  various  encroachments  of  one  form  of  disease  upon  the 
other,  only  prove  that  no  chissification  must  be  too  dogmatically 
adhered  to,  as  it  cannot  hold  gontl  for  all  cases. 

HYPER.EMIA   OF  THE  CONJUNCTIVA. 

Acute  hypericmiaof  tlie  oonjunctiva  either  passes  quickly  away 
or  is  the  ]>recursor  of  an  inflammatory  oondilion.  A  slowly 
developed  chronic  hypeneraia,  or  one  remaining  after  a  ]>revions 
conjunctivitis,  may,  on  the  contrary,  remain  unchanged  a  loug 
time.  It  is  characterized  by  a  stronger  injection  of  the  visible 
vessels,  es(>ecially  those  of  the  conjunctiva  iwdpebranim;  a  hy|>cr- 
lemia  of  the  conjunctiva  sclera;  mid  a  redness  of  the  margins  of 
the  lids  generally  exist  at  tlie  same  time.  There  is  frequently  a 
slight  swelling  of  the  conjunctival  follicles,  e8i>ecially  on  the  tem- 
poral half  of  the  lower  lid.  Anomalics'of  secretion  are  aWnt, 
or  tJiere  may  Ix-  slightly  increased  hichrymation  and  secretion 
of  nuicus,  which,  during  the  night,  glues  the  cilia  togetlier  iu 
bandies. 
252 


HTrEE.3anA  of  the  coNJUNcrrvA. 


253 


The  annoyances  consist  in  sensations  of  burning,  itching,  prick- 
ing, etc.,  which  increa-se  the  more  the  eyes  are  usetl,  es|KH!ially 
by  artificial  light.  The  heat  from  the  lamp  aggravates  tliese 
syni|>toni8. 

In  many  cases  the  feeling  of  pressure,  pricking  in  the  eyes, 
etc,  which  comes  on  during  work,  is  so  ai»iioyiiig  tliat  the  oom^i- 
tiim  resembles  asthenopia;  consequently  we  may  speak  of  conjunc- 
tival as  well  as  of  accommodative  or  muscular  asthenopia.  The 
iliugno^is  is  generally  made  certain  by  the  oi>j(?ctive  syniptoruH. 
Nevertheless,  I  liave  seen  some  cases  in  which  the  conjunctiva 
showed  no  abnormity^  but  in  which  there  was  astlienopia,  which 
was  certainly  of  neither  an  at!a')mruiMlative  nor  a  muscular  nature, 
while  the  absence  of  all  other  nervous  disturbances  excludeil  the 
idea  of  nervous  asthenopia;  more<)ver,  the  symptoms  of  irrita- 
tion were  not  thotte  so  often  owurritig  in  connection  with  myopia. 
The  evidence  that  in  these  cases  a  conjunotival  afTcetiou  was  the 
primarj'  one,  lay  in  tlic  fact  that  after  reading  a  few  minutes*,  jMiin 
occurreil,  with  ev^ident  hypememia  of  the  conjunctiva  an<I  ct>pious 
sec^rction  of  tears,  which  made  work  impossible. 

The  treatment  based  upon  this  idea  consistcil  at  Brst  in  pen- 
cilling witli  a  3  per  cent,  solution  of  Huli>hute  of  zinc,  and  later 
with  dilute  tincture  of  opium.  It  pi-ovwl  cfHcacious,  thus  con- 
firming the  diagnosis. 

The  causes  of  chronic  conjunctival  hyperffimia  often  lie  in  a 
continuous  exposure  to  hurtful  influences*,  such  asconfineil  impure 
lir,  smoke,  dust,  eto.,  or  in  straining  tlie  eyes  by  working  with 
insufficient  illumination. 

The  trtaitmeut  consists  in  the  first  place  in  removing  as  much 

I  posBible  the  causes,  not  forgettiug  the  possible  oo-existenco  of 
ommorlative  or  muscular  asthenojua.  The  local  treatment  con- 
^sists  in  the  use  of  cooling  and  slightly  astringent  applications, 
cold  iiaths  for  the  eyes,  cold  dressings,  or  the  cye-douchc.  Among 
the  astringent  eye-waters,  the  best  are  \  per  cent,  solutions  of 
either  sulphate  of  zinc  or  neutral  acetate  of  lead.  In  cases  of 
verj'  marked  hypenemia  it  is  often  well  to  apply  a  2  or  3  per 
cent,  solution  of  either  of  these  reme<lies  to  the  conjunctiva  with 
a  pencil,  and  immediately  wash  away  the  surplus  with  water. 
'In  conjunctival  asthenopia  it  is  often  well,  towaixl  tho  cud  of 
the  treutmenty  to  employ  dilute  tincture  of  opium. 
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SIMPLE  CX)NJX7NCTIVrn8. 

Conjunt'tivitiH  exiHts  whenever,  in  adilitioD  to  swelling  and  red- 
ness, there  is  a  copious  abnormal  secretion  from  the  conjunctiva. 
The  redness  ^  (^haracterizeil  l>y  a  dilatation  Iwth  of  the  larger  ves- 
sels and  the  capiilaries,  and  upi>ears  thereture  a.s  a  net-work  in  the 
fornix,  where  the  larger  vessels  and  thiir  first  branches  lie,  but  in 
the  tarsal  part  it  is  a  more  unii'orm  bright  red.  The  vessels  of 
the  conjunctiva  sclerte  are  often  aiso  dilated.  These  vessels  run 
from  the  fornix  toward  the  cornea^  and  form  with  their  branches 
a  coarse  net-work,  distinctly  visible  against  the  white  background 
of  the  sclera.  In  more  pcvere  cases  the  anterior  ciliary  vessels 
may  also  be  injected ;  they  form  then  a  rosy-retl  border  of  short, 
thicUly-set  vessels  nidiating  about  the  cornea.  Often  tliere  ore 
also  slight  cH'chymascs  upnn  the  sclend  conjunctiva.  After  it  has 
continued  a  long  time,  the  redness  shows  a  tendency  to  concentrate 
at  the  angles  of  the  eyes  and  along  the  edges  of  the  lids. 

The  swelling  is  generally  not  verj*  great,  is  mostly  limited  to 
the  conjunctiva  of  t!ie  lids,  is  greatest  near  the  fornix,  and  less 
upon  the  tarsal  part.  In  very  acute  cases,  or  in  very  old  i>eo|>le 
with  relaxed  oonjinurtivtc,  a  sen>us  infiltration  occurs  in  the  sub- 
oonjunctivaf  tissue  of  the  sclera,  making  it  still  more  cjisy  to  slide 
the  vessels  upon  the  sclera  than  in  the  normal  oondition. 

When  the  process  is  longcontinuetl,  ahyihcrtrophy  of  the  papil- 
lary layer  of  the  mucous  membrane  may  take  place,  giving  to  the 
surface  a  velvety,  dark-red  appearance. 

It  is  only  in  very  acute  cases  that  the  sulK-utanoous  connective 
tissue  of  tJic  lids  participates  in  the  proccfvs.  There  is  then  great 
swelling  of  the  fornix  and  conjunctiva  scleree  with  copious  muco- 
purulent secretion,  a  oondition  closely  resembling  the  blenuorrhoeal 
ali'ection. 

The  abnormal  secretion  appears  first  as  a  copious  flow  of  tears 
containing  formed  elements,  such  as  epithelial  coils,  mucus,  and 
fat-oorpnsclcs,  jiartly  to  be  seen  only  micnjseopically,  ]>artly  oo- 
curritig  in  tfie  form  of  grayish-yellow  flakes  or  threads;  these  last 
are  ftiuud  principally  in  tlie  fornix,  where  the  secretions  are  rolled 
together  by  the  movements  of  the  eye.  The  secretion  dries  and 
forms  crusts  u|xm  the  lachr)*mal  caruncle  and  cilia;  it  often  so 
accumulates  during  sleep  as  to  glue  the  eyelids  together.      If  the 
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secretion  be  so  copious  ttiiit  the  tears  <lrip  continually  over  the  lid, 
an  excoriation  of  the  skin  may  rttsult. 

The  secretion  becomes  infectious  as  soon  as  it  assumes  a  muco- 
purulent characfcr ;  but  even  in  the  less  severe  Torms  it  ih  advisa- 
ble to  regard  it  as  possibly  iufectious,  ttad  to  observe  the  proper 
precautions. 

The  subje<rtive  symptoms  consist  principally  in  a  sensation  of 
pressure  and  pricking,  aa  if  sand  or  a  foreij^n  body  were  in  the 
eye,  or  in  itching,  burning,  and  heavincas  of  the  eyelids,  as  when 
Jrow*sy,  etc.  Aa'^oeiated  with  these  symjitomH  there  is  often  a 
sensitiveness  to  light,  especially  to  artificial  inuniiuation,  witli  in; 
ability  to  nse  the  eyes  for  work,  and  (Krcitsional  indi.stinctne.ss  of 
vision.  These  (Itsturbances  of  vision  are  evidently  caused  by  tliiu 
films  of  mucus  which  occasionally  form  over  tlie  cornea ;  after 
their  removal  vLsion  is  as  good  m  ever.  It  is  prnlialde,  tiio,  (hat 
still  another  symptom,  which  is  es|>ecia1Iy  frequent  in  chronic  cases, 
namely,  the  appttii-anoc  of  colorctl  rings  alKiiit  the  flame  *if  n  Iani]>, 
is  likewise  due  to  the  refraction  caused  by  a  thin  liliu  of  ubminuul 
secretion  upon  the  cornea. 

Often,  after  all  the  actual  symptoms  of  conjunctivitis  have  dis- 
appenrc<l,  this  single  annoyance  rcmains,^ — that  llie  patfent  U]>ou 
waking  finds  it  is  only  with  an  unpleasant  scnsution  of  ]>ai]i  that 
he  can  0|>en  his  eyes;  this  is  probably  l»ceaHsc  during  sleep,  and 
favored  by  the  |>erfect  rest  in  that  condition,  and  on  a«^ount  of 
some  anomaly  in  the  secretions  of  the  mucous  membrane,  a  rela- 
tively too  strong  adhesion  Ix^tween  the  lid  and  the  evflmll  occurs. 

The  causes  of  ocmjunetivitis  are  partly  general  and  partly  hxail. 
Often  it  is  assticiated  with  other  catarrhal  proces-«s,  as,  for  instance, 
with  nasjil  catarrh,  or  as  a  part  of  a  general  catarrhal  aftcetion,  as 
in  tlie  exantheinatous  diseases,  measles,  scarlatina,  etc. ;  ar  it  may 
occur  as  an  independent  disease  following  colds  or  injuries.  Trau- 
matic conjunctivitis,  for  instimee,  when  it  is  neglected  or  ex[>osed 
to  injurious  inHnencef!,  may  |kiss  over  into  a  catarrhal  or  even  n 
blennorrha?al  conjunctivitis.  Confinement  in  dnsty,  smoky  rooms, 
or  in  thoHc  filled  with  animal  exhalations,  is  likewise  a  frequent 
of  conjunctivitis. 

Among  the  lueal  causes  which  induce  or  maintain  conjunctivitis 
are  strictures  of  the  nasal  duct,  diseases  of  the  margins  or  of  the 
glaiids  of  the  lids,  as,  for  instance,  distention  of  the  tarsal  glands 
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by  retained  secretions,  distichiasis,  ettr.  Straininj^  the  eyes  at 
work,  cspcciatly  by  insufficient  light,  temts  to  maintain  au  already 
GxJHting  conjunctivitis. 

The  course  of  the  Hisease  varie-s  with  the  cnufle  exciting  it 
Simple  aav.'m  may  jkuss  away  In  a  few  days,  but  i^iIilt  cjLses,  erti)eci- 
ally  where  the  exciting  causes  cannot  be  fully  removed,  may  be 
very  protractc<l. 

Chi-onic  cotijtinctivitifi  gcnfrally  «»u(-ea  relaxation  of  the  con- 
junctiva, with  hyi>cra'niia  either  of  the  larger  vessels  alone  or  of 
the  capillaries  also.  This  relaxation  become:^  more  noticeable 
when,  as  in  old  people,  the  skin  and  niuecle  are  already  rolaxetl. 
In  such  cases  an  ectropion  or  sinking  of  the  lid  is  likely  to  occur. 

In  other  cases  there  develop  gmdually  a  swelling  of  the  mucous 
membrane  and  a  gradual  transition  into  a  chronic  blennorrhoeal 
or  granular  pi>»'erts.  The  danger  of  consecutive  corneal  afl'ccti<in9 
then  becomes  greater  than  is  the  case  in  simple  chronic  conjuuc- 
tivitis. 

The  treatment  must,  of  course,  in  the  first  place,  he  directed 
towartl  removing  all  hurtful  influences.  The  condition  of  the 
mumus  menibnine  delermincH  what  further  rcrntnlicH  are  to  l)e 
employed.  So  long  as  the  intiammatioh  is  wtiil  progressive,  only 
antiphlogistic  and  derivative  treatment  is  indicated,  pcrha{>s  simple 
appUuitions  of  cidd  water  or  a  dilute  solution  of  Itad,  say  10 
dp'jw  of  Hfpior  plumbi  at.-etatis  to  a  teacup  of  water.  80  soon  as  a 
rela.xation  of  the  mucous  membrane  w  apparent,  astringent  eye- 
waters are  to  be  used,  say  a  \  jjor  cent,  solution  of  sulphate  of  zinc 
or  neutral  acetate  of  lead  dropjK'd  in  the  eye  three  times  daily,  or, 
where  there  is  greater  swelling  or  more  copious  mueo-puruleut 
secretion,  a  solution  of  nitrate  of  silver  also  ^  per  cent. 

If  the  patient  can  be  seen  daily,  a  cure  may  l)€  effected  sooner, 
by  pencilling  u[)on  the  conjunt^tiva  of  the  lids  a  2  to  4  per  cent, 
solution  of  sulphate  of  zinc,  or  1  to  3  i>er  cent,  acetate  of  lead, 
or  1  to  2  |)er  cent,  nitmte  of  silver.  In  all  ciuies  the  superfluous 
solution  remaining  after  the  application,  should  be  immMliately 
washed  away  with  pure  water.  Cold-water  dressings  are  to  be 
math'  aftorwanl,  so  long  as  |Kun  remains  in  the  eye. 

If  the  conjunctivitis  be  complicated  by  a  (jiseased  condition  of 
the  tarsal  glands,  made  evident  by  a  mlncss  of  the  margins  of 
the  lids  and  au  accumulation  of  the  glandular  secretions  between 
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the  roote  of  the  cilia,  eye-wnshtM  are  often  not  well  liornc,  or  at 
least  do  not  aooonipliah  the  desiretl  result.  lu  yuch  cases  it  is 
well  to  try  a  salve  }  to  1  per  cent,  red  or  wliite  precipitate  of  mer- 
cary^  perhafis  with  the  addition  of  some  oxide  of  ziuc  or  a  few 
drops  of  the  solution  of  acetate  of  lead,  causing  it  to  be  rubbed 
each  evening  along  the  margin  of  the  Milt;. 

Other  means  reooinnien(le<l  in  conjunctivitis,  especially  in  tlie 
chronic  or  oft-rocnrring  forms,  a!*c  washes  of  con-oeive  subli- 
mate (1  or  2  parti)  in  a  thousand),  solutions  of  alum,  aluminatc  of 
copjwr,  lx>rax,  etc. 

Atropine  conjunctivitis,  which  sometimes  develops  after  the  long 
use  of  atropine,  d&serves  a  special  mention.  It  o(wnrs  sometimes 
in  the  form  of  a  simple  itiflnuiniutnry  swelling  of  the  mucous 
niembnine  uHth  a  mnco-puriileiit  secretion,  often,  too^  in  connection 
with  the  swelling  of  the  conjunctival  follicles,  or  there  may  be 
only  slight  swelling  but  great  hypenemia  and  a  copious  secretion 
of  tears.  In  eonncction  with  this  condition,  redness  and  exoo- 
riation  of  the  skin  of  the  ltd  often  appear. 

Prcparati(»tis  of  atropiiu:,  wliicli  irritate  and  immediately  cause 
kin  and  redness  after  l)eing  dn>p|K*d  in  the  eye,  ought  of  course 
"doI  to  lie  used.  But  even  jjerfectly  neutml  sulphate  of  atropine 
has  the  above-namerl  unpleasaut  property.  Individual  predis|x>- 
fiition  is  certainly  one  of  the  elements  involved,  since  only  a  few 
of  the  jMitients  treated  with  atropine  are  affected  with  this  kind  of 
conjunctivitis. 

The  muco-purulent  secretion  of  this  conjunctivitis  is  of  course 
Hs  infectious  as  all  other  secretions  of  this  kind.  It  is  well,  there- 
fore, csi>etMally  in  clinical  practiw^,  never  to  drop  atropine  in  the 
eyes  with  a  camel-hair  pencil,  but  always  witli  a  aniali  glass  pi|>ette, 
— a  thin  glass  tnlic,  its  lower  end  somewhat  narrowed  and  ita 
up|»er  end  proviiled  with  a  short  piece  of  rubber  tube  closed  at 
the  t«p.  In  the  clinic,  each  patient  requiring  atropine  treatment 
should  be  provided  with  his  individual  pi]>ette.  In  this  way  the 
danger  of  spreading  the  disease  by  c<mtagion  is  diminished.  The 
only  way  to  render  the  occurrence  of  tlii^  complicatifm  less  frequent 
is  to  u»e  as  little  atropine  as  possible  in  all  oases  where  its  appli- 
cation must  Iw  continue*!  a  long  time. 

The  treatment  is  the  same  us  in  other  forms  of  conjunctivitis; 
begiiHiing  with  cold-  or  lead-wat«r  dressings,  following  later  with 
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astringents,  rtr  pencilling  with  a  1  or  2  ]>er  wnt,  solution  of  nitrate 
of  silver.  My  c'Xi>ericiioe  liaa  not  confirmed  the  oft-repeated  as- 
sertion that  preparations  of  lead  have  a  aiieciiic  action  in  tlie  cure 
of  atropine  conjtinctiviti;*. 

If  possible,  it  is  well  to  dispense  with  the  ufie  of  atropine;  if 
mydrianis  must  l)e  mainiainc<l,  a  solution  of  extract  of  belladonna 
may  be  sulx^tituted  for  tlie  sulphate  of  atropine,  and  the  coujuoo- 
tivitis  treated  at  the  sjvrte  time.  After  the  conjunctivitis  has  been 
fully  cnre<l,  the  use  of  atropine  oiigltt  not  to  be  begun  again,  since 
a  few  drajw  are  sufficient  to  cause  a  relapse. 

Distin<'t  from  this  atropine  conjinvtivilis,  is  a  very  rare  atropine 
idiosyncrasy  of  tlic  cijujunctiva.  Ctiiits  occasionally  occur  in  which 
immediately  after  instilling  atropine,  pains  ensue,  and  following 
quickly  on  these  are  acute  erysipelatous  inflammation  of  the  con- 
junctiva and  great  swelling  both  of  it  and  of  the  eyelids.  In 
milder  forms  of  this  idiosyncrasy  the  atropine  causes  only  a 
feeling  of  burning  and  pricking,  with  redness  of  the  eyes  and  a 
copious  secretion  of  tears.  Many  such  patients  bear  extract  of 
belladonna  vcrj'  well. 


BLENNOURHfEAL  OONJUXCTIVlTrS. 

Acute  blennorrhcca  develops  in  an  eye  previoasly  healthy  or  one 
already  suffering  from  some  ccmjunctival  disease,  with  the  symp- 
toms of  a  rapid  inflammation  of  the  conjunctiva.  The  whole 
surface  of  the  umeous  membrane  is  rcdilent^.by  an  excessive  liy- 
percemia,  and  often,especially  ujKm  the  sclera,  is  infiltrated  with 
hemorrhages.  The  looser  the  subconjunctival  tissue  the  greater 
the  swelling.  It  is  therefore  least  near  the  margin  of  the  lid, 
on  aoooant  of  the  close  ojnnec^tion  of  the  conjunctiva  with  the 
tarsus  at  this  |K)itit;  the  swcJling  inereiises  toward  the  fornix, 
and  finally  attains  such  a  volume  that  wheu  the  lids  are  everted 
and  the  patient  is  told  to  look  dowtiward,  or  upward,  it  puf& 
forward  likn  a  broad,  ring-shapetl  cusliioii.  The  surface  of  the 
mucous  membrane  is  generally  smooth,  glistening,  tense,  and 
bright  red ;  in  severe  cases  it  may  present  a  grayish  appear- 
ance which,  by  touching  lightly  with  a  brush,  will  be  seen  to 
be  caused  by  an  exudate  not  upon  but  in  tliQ  mucous  membrane 
itself. 

The  scleral  conjunctiva  is  likewise  very  red  and  infiltrateil  with 
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an  inflammatory  exudate.  In  mild  cases  this  exudate  is  of  a 
serous  character,  of  a  yellow  or  reddish  color;  in  more  severe 
cases  it  assumes  a  dense,  so-eallcd  flushy  character,  so  that  the 
greatly  swollen  conjunctiva  surrounds  the  cornea  like  a  wall. 
Under  these  ciwumstances  the  cornea  generally  appears  small, 
because  ihe  limbus  coujuuctivie  corneie  participates  in  the  vas- 
cularization and  swelling,  and  the  thickened  conjunctiva  sclera 
preaees  over  the  edge  of  the  cornea  on  every  side.  The  swelling 
of  the  conjunctiva  is  generally  called  "chemosis"  or  **chemotic 
swelling." 

The  eyelids,  too,  particularly  near  their  margins,  or  ^lerhape 
tliroughout  tlieir  whole  extent,  are  of  a  bright  or  livid  red,  in  con- 
8e<|uence  of  excessive  hy|>enemia.  The  upper  lid,  owing  to  its 
incrcfljscd  volume,  hangs  heavily  downward,  and  can  be  only  [lar- 
tially  raised  by  the  action  of  the  levator.  In  very  acute  trdsea 
the  infiltration  extends  downward  upon  the  cheek  and  upward 
abo%-e  tl)e  eyebrows.  A  decided  increase  in  the  temperature  of 
the  liils  is  perceptible. 

The  secretion  is  at  first  tliiii,  serous,  of  a  yellowish  tinge,  due 
to  blood  i-oloring  matter,  and  is  mixed  with  gray  flakes.  Since 
the  puncta  lacrymalia  an^  Ibrt^ed  away  from  the  eyelmll  by  the 
swelling  of  the  lids,  the  secretion  runs  continually  over  their  mar- 
gins and  causes  excoriation  of  the  cheek.  Often,  especially  at 
fintt,  the  secretion  is  so  coiigulable  that  one  finds  upon  the  surface 
of  the  everted  lids  a  membranous  coagulated  layer  of  exudation, 
which  con  generally  l)e  eaaWy  removed,  and  sometimes  but  not 
always  leaves  a  slightly  bleeding  mucous  surface.  This  8o-callij<l 
croupous  form  possesses  no  prognosti<!  imixirtance.  After  a  few 
days  the  secretion  betv)mes  decidetlly  purulent,  of  a  creatiiy  con- 
sistency, yellowish  and  often  greenish,  and  more  or  less  profuse  in 
quantity. 

In  the  course  of  a  few  days  the  mucous  membrane  assumes  a 
somewhat  different  appearance.  It  no  longer  appears  smooth  and 
glistening,  but  more  velvety;  its  folds  become  more  relaxed,  more 
numerous  and  smaller,  and  are  traversed  by  cross-folds,  so  that 
the  surface  of  the  muraus  membrane  appears  more  and  more  un- 
even. Simultaneously,  a  hypertrophy  begins  in  the  tisane  of  the 
mucous  membrane  itst;lf,  which  furnishes  to  these  irregularities  of 
Clie  surface  a  more  solid  substratum. 
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The  great^  danger  in  these  severe  cases  of  blennorrhcea  is  that 
the  coruea  will  piirtirijxite  in  the  ppoceKs.  During  the  first  few- 
days,  while  the  conjunctival  swelling  is  still  increasing,  tlie  cornea 
generally  remains  intact;  but,  unfortunately,  it  is  not  safe  to  ba^e 
a  favorable  prognosis  ujKin  the  fact  that  the  cornea  remains  ^r^:c 
during  the  progressive  stage  of  the  disease;  that  cannot  be  done 
till  tlie  disease  has  |MLssed  its  acme  and  has  entere<l  upon  nn  evi- 
dently regrewsive  stadium.  The  [wriixl  of  the  disease  in  which  the 
comea  is  most  endangered  is  that  at  which  the  conjuntrtival  swell- 
ing has  attained  its  maximum,  and  the  danger  is  t!ie  more  tlireat- 
ening  the  more  the  wnjunotiva  sclerie  is  involved  in  the  process, 
and  particularly  where  chemotic  swelling  is  protracted  into  the 
later  stages  of  the  disease.  The  following  are  the  most  usual 
forms  of  corneal  affections: 

Among  the  most  dangerous  of  the  hlennorrhoail  affections  of 
the  cornea  is  the  annulnr  marginal  ulcer.  It  may  occur  in  the 
form  of  a  narrow  furrow  close  to  and  parallel  with  the  niai^in  of 
the  cornea.  At  first  it  seems  an  uniiniM>rtimt  loss  of  substance, 
hardly  wider  than  a  hair,  with  a  sniooih  and  glistening  floor,  but 
it  creeps  gra<hially  farther  around  die  margin  of  the  cornea,  and 
at  the  same  time  becomes  broader  and  deeper. 

In  other  cases  there  dcveloijs  at  some  one  point  upon  the  margin 
of  the  cornea,  generally  upon  its  up|>er  part,  a  purulent  infiltration, 
which  spreads  rapidly  iu  a  direction  parallel  to  the  margin  of  the 
cornea. 

At  first  the  centre  of  the  cornea  seems  relatively  little  changed. 
So  soon,  however,  as  the  ulcer  spreads  more  than  half-way  around 
the  cornea,  there  ensue  a  deeji-gray  color  and  necrotic  destraction 
of  the  central  (jart  of  the  cornea. 

In  other  cases  the  comea  appears  misty.  Necrotic  softening 
takes  plaw;  one  layer  after  another  of  the  corneal  substance  is 
cast  oflf  in  quick  succession.  This  process  may  run  a  somewhat 
more  favorable  course  when  it  affects  only  a  small  portion  of  the 
oornfia,  and  perforation  occurs  quickly. 

A  very  frequent  form  of  blonnorrhoeal  corneal  affection  is  the 
circumscriW  purulent  infiltration.  Its  prognosis  depends  upon 
the  course  of  tlie  hleunorrhtea.  If  it  occur  very  early  in  tlie  first 
stages  of  an  acute  blennorrhea,  it  inclines  to  increase  rapidly, 
both  in  depth  and  in  surface,  quickly  causing  perforation  and  d&- 
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structinn  of  the  cornea.  M' Iiere  the  course  of  the  blennorrhoea  ia 
less  ncutc.  tl)ere  is  more  (thiiiit^  tliat  tlio  process  will  l>e  arrcsUnl  and 
healing  oiTXiT  before  the  entire  cornea  is  destroyed.  Frequently 
there  arc  in  the  cornea  at  the  same  time  several  such  points  of 
purulent  infiltration,  in  whicli  case  the  danger  to  the  oornea  ia,  of 
course,  increase*!. 

The  suppurative  process  which  occurs  in  the  cornea  during  the 
course  of  an  acute  conjunotivul  blennorrliam  has  thiy  jvoculiarity, 
tliat  the  pus  never  sinks  downwartl  in  the  substance  of  the  cornea, 
nor  is  liyjiopion  ever  forme*!.  But,  as  in  other  suppurations  of 
the  cornea,  iritis  is  a  froquent  complication. 

In  blennorrhtpul  rotijiuictivitis  of  tlie  milder  forniH,  wmall,  cir- 
cumscribed corneal  infiltrations  are  most  apt  to  oo'ur,  with  |>er- 
haps  extensive  loss  of  LpitliLliurii  mid  diffucie  chKidiu^  of  the  cor- 
neal tissue  thug  expose<l,  and  shallow  ulcere  with  smooth,  reflecting 
floors, 

Blenoorrhcea  may  occur  idioputhicatly,  or  in  consequence  of 
some  external  hurtful  ciiuse,  fwpfrijitly  iu  <'aseri  where  the  conjunc- 
tiva wa;*  previously  qiiite  nurnuil.  Bui  very  severe  cases  not 
iDfrequentty  oceur  for  which  no  cause  c-an  be  with  cer1aint>'  deter- 
minetl.  In  the  great  majority  of  eases,  however,  the  disease  is 
atfpiired  by  infetition  with  the  purulent  btennorrtxciil  setrrction. 
The  most  frequent  source  is  tlie  blenuorrhaal  disease  of  the  oon- 
juiK'tiva  itself. 

Among  the  inoculated  furmn,  the  firnt  tm  be  mimtioned  is  the 
blennorrhoea  noonatormn.  The  circumstance  that  this  atlection 
occurs  always  within  a  few  days,  generally  three  or  i'our,  after 
birth,  jwints  very  decidetlly  to  an  infetttiou  uccurring  either  at  that 
time  or  very  soon  ailer  it.  It  is,  however,  by  no  means  necci^ary 
that  the  mother  should  have  had  a  virulent  vaginal  blennurrhcea. 
It  is  prolxible  that  any  rauco-purulent  secretion  which  during 
delivery  accidentally  gets  into  the  conjunctival  sj»c,  is  sullicieut 
to  produce  this  condition.  It  is  possible  that  some  days  later, 
through  carelessness,  an  infection  may  l>e  (-aused  by  the  lo<:hial 
discharges.  Frequently  only  one  eye  is  at  first  aflected;  still,  it  is 
seldom  (>ossible  to  protect  the  second  from  infection  by  the  first. 
The  intensity  witli  whicli  blennftrrhcpa  neonatorum  o(Turs,  varies 
greatly,  probably  on  aAount  of  differences  m  the  infecljiig  secre- 
Uoa.     Accordingly,  the  symptoms  presented  by  tlic  swelling  of  the 
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«OQJuti<iiv*a  and  the  purulent  secretion  are  aometi'mea  rtiof^     t^ 
wetiBfctt  leES  threatening.     Frequently  (lie  exu<lation  fro/'^ 
omUHls  nKmbrane  is  80  copious  tiiut,  ufMtn  everting  the  li'^^r 
«RU  see  it  collect  upon  the  surfaces  while  under  observaf'^' 
flt^lttntly  the  exmlate  is  nt  tlie  .same  time  so  etiagulahlc  tbA^ 
{■UHMditttely  forms  a  membrane  which  covers  the  nuicoiis  surfs*'^ 
8UhI»  wJieu  the  lids  are  closed,  may  extend  unbroken  from  th^ 
icUMT  surfatT  of  one  to  the  other.     Frt_'<juently  the  mucous  lueio- 
bnuM  shows  also  a  great  inclination  to  blced^  so  that  the  eversion 
of  lb«  lids  or  the  least  tou(;h  suffices  to  provoke  a  bcmorrliage, 
vkttoh»  liowever,  wlien  the  lids  arc  returned  to  their  normal  posi- 
lioo, (>en9mlly  ceases  again  spontaneou.sly.     Ttiis  symptom  has  no 
«|MPHkl  pnnguostic  or  tlK'rapcutic  importance. 

Puriug  the  first  days  of  a  severe  blcnnorrhrea  neonatorum  the 
<.>»rm'*i  oAen  siK>\>*s  a  slight  diifuse  cloudiness  throughout  its 
wIh»1o  extent;  this,  however,  disappears  entirely  under  suitable 
tivttiuieut.  Any  corneal  affection  which  occurs  is  generally  ui 
the  f<4-in  of  a  oireumscribetl  purulent  intiltratiou. 

l!vHiorrhiw»l  blennorrhcea  is  mused  by  inoculation  of  the  gonor- 

rtKml  Mvretion  ui»on  tlie  conjunctiva,  and  often  proves  one  of  the 

xwX  must  dangennis  forms.     The  inflammation  may,  how- 

V  --nnic  a  milder  ty^w  in  cases  where  the  inoculating  secretion 

Imheftn  diluted. 

TKorv  are  no  s|>ceial  symptoms  by  which  a  gonorrhccal  blennor- 
rhoM  OM*  bo  reixtguized  as  such  in  cases  where  it  is  not  possible 
Ip  diMV\'«r  the  gonorrh<ea  as  a  cause.  Moreover,  tliis  etiological 
Hvvl  bw  no  iufluenec  u]KtD  the  prognosis  or  treatment  of  the 
U«4Ukorrhu^a. 

CkWuuwrhceHU  in  which  the  infection  is  cau.sed  by  inoculation 
^\X\k  rtu\iunctival  secretions  arc  very  frequent,  since  all  wmjunc- 
to\«J  *ktti\'ti^»iw  rttxx^niiMUiied  by  a  muco-purulcnt  secretion  may  be 
l(^^M\M  at*  tnftx'tious.  As  a  general  thing,  tlicre  is  a  certain 
4^k\'«uKMa  iu  typo  between  the  original  and  the  inoculated  disease. 
^|hj^  ^.nw  ofWa  8WS  vcrj*  malignant  blennorrhocas  resulting  by 
iUfMihuivu  iWm  slight  conjunctival  affections. 

t[^  vvunw  and  prognosis  of  acute  conjunctival  blennorrhojas 

•fc^tittf  itt  the  tiivt  place  upon  the  degree  of  the  Inflammation. 

Hm<   ;*a«a  uu^*  ^^  ouivd  by  proper  treatment  in  from  one  to  two 

.  v^wv  ouo*  in  from  six  to  eight  weeks.    The  most  impor- 
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tant  point  is  the  bcliavior  of  the  cornea.  The  danger  to  that  is 
in  direct  relation  to  the  participation  in  the  process  on  the  ]>art  of 
the  conjunctiva  sclene.  The  greater  the  oheniotic  swellings  and 
the  l«>nger  it  continues,  tlie  greater  the  danger  to  the  cornea. 

Even  in  tlie  severesit  forniH  of  hlennorrhiea,  luithologiml  corneal 
processes  do  not  generally  appear  at  the  very  first,  but  upon  the 
thin!  or  fourth  day  of  tlic  aflectinn,  after  it  has  reached  or 
already  pasHeil  its  highest  point*  As  a  general  rule,  the  later  in 
the  course  of  a  blennorrhoea  a  corneal  aflection  appears,  the  more 
amenable  is  it  to  treatment. 

The  treatment  in  a  case  of  unilntend  blennorrhn?a  must,  in  the 
first  place,  be  directed  toward  jireventiiig  an  infection  of  the  second 
eye.  This  is  m<.ist  surely  dotie  by  a  projierly  applied  protective 
bandage.  The  healthy  eye  is  covered  by  a  pad  of  charpie  and 
coverufl  with  Hnen  made  impermeablu  by  folliHlion. 

The  treatment  of  the  eye  uttiicke<l  with  blennorrhrca  must  at 
first  Iw  antiphlogistic.  The  most  important  means  to  he  employed 
during  the  first  days  are  cold-water  di-essings,  whase  temiwrature 
is  to  be  n^idated  by  that  of  the  eyelids.  Where  the  temperature 
is  verj*  high  it  is  Ixwt  to  lay  tlie  compR-sses  on  ice,  and  from  that 
directly  upon  the  eye.  For  a  lower  degree  of  temi>crature  it 
suffices  to  use  ice-water  for  wetting  the  compresses.  In  every 
case  the  dressing  must  l>e  changed  very  fretpiently,  say  eveiy  two 
or  three  minutes,  so  that  they  may  not  becfvme  warm.  So  soon 
as  the  swelling  of  the  lids  begins  to  diminisli,  or,  in  mild  cases,  at 
the  very  Ireginning,  it  is  welt  to  add  to  tlic  water  uawl,  a  few 
drops  of  the  solution  of  acetate  of  lead.  Frequently  the  appli- 
cation of  cold  diminisiies  greatly  the  |>ain  an<I  buriiing  in  tlie 
eyelids.  Simultaneously  the  lids  must  be  occasionally  carefully 
ae^turated  and  the  secretion  removed  by  washing  out  the  eonjuno- 
tival  sac  with  a  soft  camel-hair  pencil. 

If,  in  spite  of  this,  severe  pain  continue,  a  few  drojis  of  sul- 
phate of  atropine  iu  a  1  per  cent,  solution  often  do  good  serrioe. 
Leeches,  placed  on  the  temple  about  mi<lway  iM-tween  the  outer 
canthus  and  the  ear,  exert  often  an  inexplicable  influence  in  allay- 
ing the  pain.  If  during  the  first  days  of  the  disease  the  conjunc- 
tiva sclene  Iw  infiltratetl  by  a  bloody  serous  exudation,  escape 
may  be  given  it  by  a  few  incisions  with  the  j>oints  of  the  scissors. 
Scarificatiou  ia  not  so  cfiicacious  in  the  flesb-Iike  chcmotJc  swelling 
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whirh  occurs  later,  in  which  the  exuthition  han  more  consistcocy. 
Excision  of  any  {>ortions  of  the  mucous  membraue  id  to  be  abao- 
lutc'ly  avoided. 

The  lu<!al  treatment  of  the  conjunctiva  iti  first  indicated  when 
ihedit+case  has  evith'ntly  )msHwJ  into  a  rc«;rcs8ive  stadium.  If  the 
lida  were  greatly  i^wollcu  aiid  their  skiu  very  reil  and  glistciiiug, 
they  now  begin  to  grow  paler,  and  6iie  wrinkles  ap|>ear.  The 
mumus  membrane,  t^Kt,  no  longer  seems  so  tense  and  glistening, 
but  IB  more  relaxed,  and  is  tmvei'8e<l  by  several  folds  parallel 
to  the  edge  of  the  lid.  The  nature  of  the  secretion  is  ftlst»  to  be 
notice<l.  So  long  as  it  is  atiil  serous,  with  only  an  occasional 
flake  of  pus,  caustics  must  be  used  very  laircluUy ;  but  ivlien  tlie 
secretion  becomes  decidedly  purulent  they  may  be  used  more 
boldly. 

In  general  it  is  advisable  not  to  be  too  hasty  in  beginning  the 
use  of  auistics.  If  in  a  recent  case  of  UlennoiThoea  one  is  doubtful 
whether  the  use  of  caustics  is  yet  indicated,  it  is  better  to  wait 
than  to  caut*^rize  Um  t^arly,  sin<*e  a  premature  use  of  caustits  may 
be  followed  by  tlie  most  serious  eonsequeui'es.  For  instance,  by 
auoh  mistaken  treatment  what  would  have  been  a  mild  process 
may  be  excited  to  an  iuHamniatory  condition,  which  it  would 
never  tiave  reaclietl  under  a  simpk'  utitipldogistic  treatment;  and 
just  these  iuflauimatory  conditions  which  have  been  in<]uced  by 
too  early  cauteriziition  show  a  gr«it  inclination  to  assofiatc  them- 
selves with  destructive  corneal  [iroccsses.  The  rule  is  dilterent  in 
old  uegleeled  cases.  Here  the  Sa-tt  possibility  of  salvation  may  be 
lost  by  postponing  the  cauterization,  which  when  pro|K'i'Iy  ctm- 
dueted  is  the  surest  means  by  whicli  to  clieck  the  blennorrhoial 
process. 

Generally  it  is  advisable  to  use,  for  the  first  cauterixatiou,  a 
dilute  si^lution  of  nitrate  of  silver,  say  from  J  to  2  ])er  cent.,  and, 
if  that  be  well  Iwrne,  to  procee<.l  gnidually  to  the  ii'-e  of  stronger 
solutions,  say  2  to  3  per  cent.  The  use  of  the  mitigated  peitcil 
of  nitrate  of  silver  (nitrate  of  silver  with  nitrate  of  potassium)  is 
not  nciir  so  well,  for  when  long  coutinuetl  it  is  very  apt  to  cause  a 
superficial  cicatrization  of  the  mucous  mend^rane. 

In  order  to  cauterize  the  lids,  each  is  everted  separately,  as  in 
this  way  the  fornix  conjunctivje,  the  pnrt  most  important  to  !« 
reached,  is  best  exj)osed.     In  using  the  solution  of  nitrate  of  silver, 
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iUi  action  upon  the  conjunctiva  may  be  regulated  bv  allowing 
it  to  n.'inaiu  a  greater  or  Ifss  lime  before  wasliing  it  away  witli 
water. 

In  the  treatment  by  oansties,  it  is  nlwnyp  to  l>o  remembered  that 
under  no  fircunwtuucia  yliould  any  de^Lruetion  of  the  tissue  (»f  the 
mucous  inenibrane  be  caused.  Only  \ts  epithelial  layer  should 
be  couverte<l  into  a  thin  eschar,  and  the  raut<'rizjiti<)n  ou^ht  never 
to  l>e  ropeatetl  until  this  eschar  has  be<'n  cast  ntVand  the  epitlieliul 
layer  regenerated.  If  the  applications  have  been  properly  made, 
the  average  time  refpiiretl  for  this  is  about  24  Imui^.  Tlie  euuteri- 
eation  should  therefore  be  repeated  daily  at  the  same  hour.  W  one 
finds  any  remains  of  the  eschar,  it  shows  that  the  last  eauterixation 
was  too  strong  for  the  condition  nf  the  mucous  uietubnitie,  and  it 
la  then  well  to  p<iKtpone  a  new  application,  or  eUe  cai-efully  limit 
it  to  those  portions  of  the  surface  where  the  epithelium  has  Iwen 
renewed. 

The  <'unai\'e  elleet  of  the  cauterissatiou  is  Iirst  manifested  by  a 
decrease  of  tlie  purulent  secretion.  It  is  only  very  seldom  that  a 
profuse  purulent  set^retion  ol)stinately  persists  in  spite  of  a  sys- 
tematie  eauterization.  In  these  excejitioiitd  cases  the  applications 
must  be  made  stronger  or  rr'peateil  oftencr,  perhaps  twice  in  24 
hours.     Generally  the  latter  course  is  preferable. 

After  each  tsmterizjktion  cold-water  dressings  should  bo  applied, 
to  soothe  the  [lain  aud  prevent  too  great  a  reaction. 

When  during  this  treatment  the  purulent  secretion  aud  the 
swelling  of  the  mucous  membrane  diminiHli,  it  is  well  to  pass 
gradually  to  the  use  of  weaker  solutions. 

The  above  rules  arc  not  alteretl  by  the  appearance  of  patho- 
logical processes  in  the  wirnea.  If  the  cauteri/ation  be  indicated 
by  the  condition  of  the  mucous  membrane,  its  cfiect  can  be  only 
favorable  upon  the  oo-existing  corneal  affection. 

On  the  other  hand,  c*)rneal  affections  which  occur  early  in  the 
course  of  a  severe  blennorrhcea,  in  gf*nend  furnish  ground  for  an 
mifavorable  prognosis,  and  are  not  likely  to  be  ifuprtived  by  early 
cauterization.  In  all  these  corneal  affections  the  use  of  sulphate 
of  atropine  in  at  least  a  1  per  cent,  solution  is  specially  indicated. 
It  must  Ik»  droppe*!  into^the  eye  as  often  as  is  neoessai^'  to  Induce 
and  maintain  mydrittsis. 

The  early  use  of  atropine  tends  also  to  prevent  the  occurrence 
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of  iririfl,  which  i**  so  npt  to  be?  n  oomplicntion  of  these  oomral 
aQbotioim. 

If  the  corneal  nicer  penetrate  so  deeply  that  its  floor  us  evi- 
dently foreotl  outward  by  the  intrawiilar  presfiui-e,  it  i^i  often  well 
to  pimctiire  it,  and  whei-e  |HKsiblc  to  eytablisli  for  some  time  a.  (is- 
tuloiis  opening  into  the  anterior  chamber.  In  this  way  there  is 
the  greute::st  chance  of  limiting  the  ulceiiitiou  and  retaining  tJiat 
part  of  tile  cornea  still  intact. 

If  after  spontaneous  or  artificial  perforation  of  the  cornea,  a 
prolafise  of  the  iris  occur,  it  may  be  left  to  itself  so  long  as  it 
remains  r^mall,  but  if  an  incresisc  and  expansion  of  the  prolajtsc 
occur,  it  should  be  removed  witli  the  scissors. 

Chronic  blennorrhoeol  processes  for  the  most  part  remain  after 
an  acute  innan)matir)n  aC  the  cuiijunctiva.  They  often  follow  in- 
flammations which  were  originnlly  slight  and  perhaps  for  that  very 
rea.«on  were  neglecteil.  Other  influences  often  play  an  important 
r6le,  for  instance,  unhealthy  dwellings,  and  the  continuai  action  of 
irritating  sul>stanocs. 

The  condition  of  the  mucous  membrane  is  nearly  the  same  as 
in  the  later  stages  of  the  acute  bleiirinrrlueal  inflammation.  The 
conjunctiva  is  reddenctl,  swoHcu,  wrinkletl,  and  discharges  a  more 
or  less  eopinus  muciJ-purulent  .secretion.  Fre»jucntly,  however, 
there  are  still  other  changes.  The  surface  of  the  mucous  meni- 
brane  presents  a  grcatJ^r  or  lew  number  of  slight  round  promi- 
nences, due  partly  to  swelling  of  the  conjunelival  lymph  follicles, 
and  partly,  when  the  jiroccss  has  been  very  protracted  and  subject 
to  frequent  exacerbations,  to  proliferations  in  the  mucous  membrane 
i  I  self. 

The  mucous  nicnibrane  is  often  so  tender  that  it  bleeds  when 
the  lids  are  everte<l  or  lightly  tou<'liLHl.  Pntbably  it  is  at  phices, 
es|)ecia]ly  in  the  tarsal  part,  :u*t!ially  raw,  which  gives  rise  to  the 
development  of  exenscenecs  closely  resembling  the  granulations 
which  fjrm  on  a  wound.  Tlic  surface  of  the  conjunctiva  is  in 
.such  c;iscs  uneven,  studdetl  with  round  or  ccM;Uscomb-like  jiromi- 
nences,  projecting  above  the  general  level  of  the  conjunctiva, 
especially  on  tlie  tarsal  i)art  of  the  upper  lid. 

Now,  since  it  is  usual  to  call  all  irregularities  npon  theeonjnne- 
tivn  **  granulations/*  these  cases  are  called  '' granular  conjuuiv 
tivitis/'     Other  cases  of  the  some  kind  may^  on  account  of  the 
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dccldetl  roughness  of  the  siirfuce  of  the  mucous  mcnibninc,  be  us 
|»n)iiorIy  callwl  "trachoma"  us  "chronic  blonnorrhoea.*' 

Chrunic  l)leimorrha3al  conjunctivitis  is  iVetjuciitly  associated  with 
corneal  affections.  Sometimes  there  is  a  superficial  loti:}  of  sub- 
stance with  a  tninspnnnt  fl>Ktr;  sotnelimcs  extensive  HU|KT(ioial 
exfoliation  with  (liiUif-e  cIou<itng  uf  the  u.\})oeK.Hl  ami  neij^hUirin^ 
corneal  titisuc;  sometimes  smal],  oircuniHcribed  infiltrutionH,  which 
at  first  produce  great  irritjition,  and,  n<nwit[istandiiig  tlioir  small- 
nc^,  frequently  ciuiso  jjerforaiiun  of  llie  coniuti.  After  cxiHting 
some  time,  thc:^einfihl'atton^  usually  l)ecome  viu^ciilarized  from  the 
margin  of  the  cornea. 

lu  the  course  of  the  disease  many  acute  exacerbationa  occur, 
which  may  procceil  as  well  from  the  cornea  aa  from  the  coujune- 
tiva;  they  assume,  tlici-cfore,  more  or  less  the  rliaracter  of  a 
decided  acute  blennorrhcea.  In  any  8uch  cose  the  cornea  is  ex- 
jioscd  to  new  danger. 

The  treatment  Jinist,  in  tlie  first  plttce,  be  directeii  towaixl  im- 
provii»»(  the  liygienic  surroundings  of  the  patient  and  renjuving 
all  hurtful  infUiunce?^.  In  other  n'.*;|M-cts  it  siurcely  varies  from 
that  of  acute  blennorrhuca.  The  i*auterizatlons  must  lie  begun 
verj'  mrefuily,  since  llie  mucous  mL*tiii)rane  does  not  bear  them  well 
in  all  cases.  W  a  weak  solution  of  nitnite  of  silver  cause  only 
an  iucrease  of  the  irritability,  a  1  or  2  per  cent,  solution  of  acetate 
of  lead,  sulphate  of  zinc,  or  taimic  acid  should  lie  tried,  Crenerallv, 
howevei*,  a  2  or  Z  per  cenL  solution  of  nitrate  of  silver  is  well 
borne,  and  reduces  gradually  the  swelling  of  the  mucous  mem- 
brane. 

Kvcn  confiitk'ral)Ie  excrescences  of  tlie  mucous  njembrane  gen- 
erally shrink  up  under  this  treatment  in  the  amrse  of  a  few  weeks; 
this  being  so,  the  exiKTiment  of  cutting  off  the  cockscomb  growths 
to  the  level  of  the  nmcous  membrane  sliouKI  be  avoided.  Tiiis 
proceeding  is  superfluous  and  injurious,  for  it  ciLUsesan  unnecessary 
loss  of  substance.  Nevertheless,  in  many  of  these  teases  healing 
occurs  witli  formation  of  cicatricial  tissue,  which  gives  the  mucous 
membrane  a  marmorated  appearance. 

If  acute  exacerbations  occur,  the  cantcviattions  should  Iw 
stopped  and  antiphlogistic  treatment  substituted.  TJie  complica- 
tion of  keratitis,  which  usually  is  pri-sent,  gives  the  indicutiou  for 
the  use  of  atropine. 
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DIPHTIfERlTIC  CX)NJlT>XTIVm8. 

Diphihentic  coujunttivitis  is  cImracteriwMl  by  the  same  changes 
as  rliphthcritis  on  any  other  niucous  membrane,  A  ena^ilable 
exudate  is  (Iop«iKite<]  within  the  tissue  of  the  raucous  menibr.ine 
itself.  The  fliplitlieritic  iniiltrtttion  may  alfeet  the  conjniH'tira 
only  at  ceruiin  plaet?;,  and  then  it  is  m<jsitly  <in  the  t^ir^il  |mrt  of 
the  u[titer  ]i<l,  or  it  may  involve  the  entire  membrane. 

Often  there  is  simultaneously  a  moreor  less  adherent  coaguhite<l 
membrane  upon  the  mucous  surfaee,  without  its  presence  i>r  ab- 
aenec,  however,  being  of  any  particular  diagnostic  importanee. 

Diphtheritir  ronjnnrtivitis  generally  occurs  at  the  very  first  in 
the  form  *if  a  severe  iiiQaniination ;  the  lids  are  grcsitly  swollen, 
are  of  a  bright  or  livid  red,  hard  and  hot  to  the  touch.  The 
higher  the  temperature,  the  greater  th*-  swelling,  and  the  hauler 
the  lids,  the  more  diflieult  is  it  generally  to  evert  them  or  to  open 
the  ey(^,  and  the  more  extensive  la  the  diphtheritic  infiltmtion. 

In  purtia!  diphtheritic,  in  which  the  infihrntion  and  tlie(4ymj>- 
toms  tlepending  on  it  have  not  attaiuo<l  tlieir  full  development, 
there  is  generally  less  diffienlty  in  everting  the  lids. 

The  tarsal  i«irt  of  the  up|)er  lid  is  then  found  to  \w  of  a  bright 
yellowish-gray  color,  due  to  an  exudation  not  on,  but  in,  the 
mucous  membrane.  The  spot  oocupie*!  by  the  diphtheritic  ex- 
udate a]>|>ears  gencndly  somewhat  deprcsse<l,as  the  rigidity  of  the 
e-xudate  prevents  the  swelling  of  the  conjunctiva,  which  is  very 
great  at  other  places,  and  is  aninajwinied  by  such  iiypenemia  that 
ecchymtisos  are  often  visible  within  the  tissues, especially  upou  the 
sclera.  Hemorrhages  frnm  the  conjunctiva  i)al|>obrarum  may  he 
caused  by  simply  everting  the  lids.  In  soute  cases  superiicial 
ulccmttims  of  the  diplitlieritic  mueous  membrane  may  be  the 
source  of  such  hemorrhages.  Frequently  the  diphthei-ilia  of  the 
tarsal  part  extends  to  tlic  intermarginal  part  of  the  li*ls,  and  in 
many  cases  there  occur  excoriations  on  the  outer  ekin  whieJi 
assume  the  charncter  of  <liphtheritic  ulcers.  This  is  es|Kt!ially  the 
case  witli  the  under  lid,  over  which  the  swollen  ujiper  lid  hangs, 
thus  placing  tlie  skin  in  immediate  contact  with  the  diphrheritic 
secretions. 

Diphtheritic  excoriations  occur  also  not  unfrequeutly  in    the 
nasal  cavities,  perha|)6  by  the  direct  actiou  of   the  conjuactival 
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socrL'tioiis  which  pitss  tlmjugh  tlie  lachrymal  (Uict.  In  rare  ca»os 
it  go<*s  on  to  (liphthcritis  fiiuoinm  with  fatal  rosult. 

The  <h*p!itIioritic  pnxess  may  \w  limited  to  tlie  tarsal  part  of 
the  lid,  or,  without  poi^injj;  over  into  total  diplitlieritlH,  it  may 
extend  somewhat  n|>on  the  fornix  and  oonjnnctiva  sclcnc.  The 
danjror  to  the  cornea  is  thereby  greatly  increased.  Even  wlicre 
tiiere  are  small,  ciroumscribed  diphtheritic  s\tot&  upon  the  con- 
junctiva Kolcra^  the  corneji  almost  always  participates  in  the  pro- 
ceai*,  the  result  even  in  the  most  favorable  casea  being  a  partial 
ulceration. 

Total  diphthcritiu  of  the  conjunctiva  occurs  generally  with  very 
severe  symptoms.  The  lids  are  greatly  swollen,  glistening,  livid 
red,  hard,  burning  hot  to  tlie  touch,  and  very  painful  when 
everted.  The  diphtheritic  infiltration  extends  through  the  entire 
mucous  membrane,  and  generally  the  cornea  is  destroyed  iliiring 
the  first  few  dnys.  Eitiicr  it  becomes  cloudetl  througlnMit  itft 
entire  extent  and  sloughs  away,  or  without  any  noticeable  cloud- 
ing one  layer  of  tissue  after  another  i-^  tli nnvn  off. 

The  secretion  is  often  mixctl  with  blood  or  with  flaky,  nigged 
dots. 

This  first  st:ige,  that  of  the  diphtheritic  infiltration,  lasts  from 
8  to  10  days,  after  which  the  resorption  of  the  diphtheritic  exudate 
begins.  Small  s|>ots  Ixigin  to  diminish  from  their  perii)heries; 
wide-sprcjid  infiltrations  Itcg'iu  to  show  island-like  surfaces  of  l>e- 
glaning  resolution.  In  these  last-nameil  spots  the  tissues  become 
I  more  expansible,  and  therefore  swell  above  the  surface  of  the 
adjoining  mu«ius  membrane,  which  is  ^till  infiltrated  with  the 
diphtheritic  exudate.  In  this  way  occur  the  diphtheritic  niKlules 
(Knopfe)  dcjMTibetl  by  Von  Graefe.* 

U]x>u  the  resorption  of  the  diphtheritic  infiltratinn  tlie  disease, 
especially  the  jiartial  forms,  may  go  on  to  alisolute  recovery. 
Generally,  however,  after  severe  attacks  the  mucous  membrane 
does  not  return  immediately  to  its  normal  condition,  but  remains 
in  a  condition  of  relaxation,  swelling,  and  purulent  sei^retion. 
These  las.t  two  symptoms  may  l>e  quite  pr<jmaietit.  When  the 
disease  assumed  this  form  Yon  Graefe  described  it  as  in  die 
blennorrhoeal  stage. 

•Arch.  f.  Opth.,  B.  i.  pag.  180. 


irifeiMi 


^70 


DipRTHKRmc  coxjcxcrrvms. 


During  this  stage  the  danger  to  the  cornea  has  not  yet  passed. 
The  occiirrenee  of  circumsorilxKl  purulent  infiltrations^  marpoal 
ulcere,  etc.,  may  still  grejitly  endanger  it. 

.  In  very  unfortunate  cases  there  follows  upon  this  seoond  stage 
still  n  thiril,  namely,  that  of  shrinking.  The  mucous  membrane 
api>ears  thin,  nbnorinnlly  smo«ith,  nnd  shortene*!  in  its  whole 
extent.  The  tarsal  cartiluges  are  bent  and  shruDken;  there  is 
Irichia'^is  and  entropion  ;  in  short,  exactly  the  same  appearances 
most  frequently  presi:nte<l  as  the  n-sult  of  trachoma.  Proi>abU*  in 
these  cases  the  diphtheritic  inHltration  had  extended  into  the 
eartilages  nnd  there  caused  such  changes  as  finally  led  to  their 
atrophy  and  »^lirinkage. 

The  prognosis  depends  meet  upon  whether  the  diphtheritis  is 
partial  or  total.  Total  diplttheritis  always  involves  the  grciitest 
danger  to  vision.  In  jKirtial  diphtheritis,  limited  to  the  tar^d 
part,  the  prognosis  is  no  more  unfavorable  than  in  blennorrlnra. 
The  more  the  diphtheritis  cxten<ls  upon  the  coi»junctiva  of  the 
sclera  the  greater  the  danger  to  the  cornea.  If  the  disease  has 
passcKl  into  the  second  stage  and  the  cornea  Iwis  not  been  affected, 
or  only  slightly  so,  it  may  generally  be  hoped  tliat  siglit  will  be 
saved. 

Diphtheritic  conjunctivitis  occurs  both  cpidemirally  and  spo- 
radically. Infante  are  seldom  attacked.  The  greatest  number  of 
cases  arc  between  the  ages  of  2  and  3  years.  Poorly  nourished 
children,  who  suffer  from  facial  eczema,  appear  to  be  sjwcially 
pretlisposed.  After  the  third  year  the  predisposition  becomes  less, 
de<Tea8ing  gradnally  .iis  tijne  goes  on. 

There  is  uo  doubt  thai  the  disease  is  contagious.  It  is  probable 
that  a  direct  inoculation  of  the  infectious  secretion  into  the  oon- 
junctivn  is  not  absolutely  a  condition  for  the  spread  itfthe  dtwaae. 
If  such  an  inoculation  occur,  a  diphtheritis  is  not  always  the  con- 
sequence, just  as  infection  with  blennorrhreal  secretion  docs  not 
alwaj's  cause  blennorrhrea,  but  may  lead  to  dipbthcrilis.  Climute 
has  a  decided  inUueuce  upon  the  fnxpicncy  of  diphlhcritis.  In 
North  (Jcrmany  it  is  quite  frequently  seen,  while  in  Vienna*  it  is 
one  of  the  rarest  of  all  diseases  of  the  eye. 

In  cases  where  the  aftection  is  at  first  unilateral,  the  first  step 


*  Bericht  uberdie  Wiener  Augoiiklinik,  Wion,  1867,  pag.  41. 
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in  tlip  treatment,  just  as  in  iictite  hlennorrhcea,  is  to  cover  tht* 
healthy  eye  by  a  protective  bunilago.  It  is  true  this  doe«  not 
always  supceetl. 

In  tlie  Ijt'i^inninj;  of  tlie  (ltsea.se  the  ti-catment  is  strictly  anti- 
phlogif^tic,  the*  principal  relianee  Itoin^j  placod  ou  iuf-water  clreBS- 
iug5.  Still,  ca'^es  c3o  cK^eur  in  wliioli  llicst'  applirtitions  are  not 
well  borne,  but  where  wnrui  fonieiitations  act  more  fiivorably. 

Among  otiicr  ix'metlies  rccomnieiuled  are  copiuus  bleetiin};;  by 
nu-anri  of  U'*H'lu'is,  the  splitting  tti'  the  outer  cantlnus.*  clwji  iiicisiouii 
in  that  part  of  the  conjunctiva  infiltrattil  by  the  diphtheritic  ex- 
udatCjf  and  nipi<l  merciirialization  by  calomel  and  the  inunction 
vf  gray  ointment. 

There  is  no  doubt  whatever  that  cauterization  of  the  conjunc- 
tiva during  the  diphtheritic  stage  should  Ik*  al^solutoly  avoided. 
And  in  general  the  indications  for  the  ust-  of  rauf^tjcs  in  thisdiseaiw 
must  l>e  more  carefully  considere^l  than  in  blennorrhcea.  Xo  hxal 
tre:itment  i?*  indtcrited  till  the  <liphtlu'rilir  exudate  is  winiplt'tely 
abiiorbul,  the  nmcouri  mcmbrani'  swollen,  but  relaxed  and  yield- 
ing a  purulent  secretion  ;  then  the  :ipplirntion  <if  n  i  to  1  jier  cent. 
solution  of  nitrate  <tf  silver  may  be  l>eguii,  increasing  gmdually 
to  a  2  or  3  \kv  c*Mit.  solution.  In  other  rcspwts  the  i;eiieml  rules 
for  the  treiitmcnt  of  blcimurrhoea  arc  applicahle. 

In  those  cases  in  vfhich  the  disease  passes  imniHliately  over 
fn»m  the  first  staj^e  to  recovery,  no  local  treatment  whatever  of 
the  conjunctiva  is  indicated. 

Tlie  treatment  of  corneal  ufTecf  ions  is  the  same  as  in  blennorrhtca. 

SWELLIXO  OP  THE  COXJUNCTIVAL  FOLLICLES. 

JOne  often  sees  u|)on  the  (xinjunetiva,  cspwially  on  the  tcniiKtral 
half  of  the  fornix  of  the  itiider  Ii<l,  small,  bright,  senii-tran^parent, 
isuperficial  and  sli<;htly  proininent  vesicles.  Their  number  may 
be  very  small  and  limited  to  the  under  Hd  ;  when  more  numerous 
thev  occur  also  on  tlie  upper  lid,  and  in  that  case  fii-st  near  the 
ineilimi  angle^  or  lliev  may  Iteeome  so  nninenms  as  to  CKicujty  the 
entire  conjunctiva  |)al[K;braruin.  They  are  then  generally  sparse 
and  small  on  the  tarsal  jKirt  and  more  numerous  at  the  fornix^  so 


•  Von  Graefe,  Arch.  f.  Opbtli.,  B.  vi.  2,  |«g.  123. 
t  Ja»)lMon,  Areh.  f.  Oi>hth.,  H.  vi.  2,  pftg.  203. 
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that  tlieyapptair  likesevcnil  strings  of  p«iri.s  one  l>oliin(1  the  <Mln'r. 
The  lai'^'st  oC  tliese  bodies  are  oval,  tlieir  longest  axis  panillel  to 
the  |>al[K'bral  fi^^iire,  and  measuring  somothtng  more  than  1  mm. 
Frequently,  where  their  mimbei's  are  very  great,  similar  vesiclfe* 
are  found  on  the  scleral  conjunctiva  near  the  fornix. 

The  pathological  anatomy  of  these  so-called  "v<'sicular  granu- 
lations'' was  assertetl  by  Siromcyer*  to  consiHt  in  obstruction  of  tJie 
follicles  of  the  conjunctiva.  A:?  ihh,  however,  has  lately  ap]»eared 
to  be  doubted,  1  have  rcpcatedlj'  tiiken  occai^ion  to  examine 
freshly  excised  portions  of  the  conjunctiva  with  special  reference 
to  it.  Prof.  W.  Krau.*e,  whose  accurate  investigations  on  this 
subject  have  contribute*!  much  to  onr  understanding  of  it,  hai! 
the  kindness  to  examine  at  the  same  time  most  of  tiiese  prepam- 
tiou8,uu4l  we  can  both  say  that  in  these  coses  the  objects  in  question 
were  swollen  conjunctival  follicles.  TIm-si,^  folltclcs  appear  under 
the  microscr)|»e  as  oval  or  spherical  bodies,  having  a  cajwule  of 
connective  tissue,  with  a  diameter  seldom  greater  than  0.5  mm. 
As  cfunponents  of  the  follicle  one  may  ^ec1^glny,o,  l)csides  the  in- 
distinct fibrous  <ii[>sule,  a  tlelii-iite  reticulation  r»f  conueclive-tissne 
fibres,  in  whoso  meshes  lie  lymph  corpuscles  and  free  nuclei.  The 
lym]>h  follicles  arc,  moreover,  jK'rmeated  by  fine  cupillurics,  which 
arc  i-ontiuuous  with  the  vascular  net  surronnding  the  ca|jsnlc. 
There  is  also  a  small  number  of  nor\'e  fibres.  Finally,  Frey 
deninnstrntcd  between  and  upon  the  follicles,  an  intricate  lym- 
phatic net-work,  so  that  it  eau  no  longer  be  doubled  that  these 
Ixxlies  belong  to  the  lymphatic  system. 

This  circuni??tance  deserves  s|wcial  mention,  that,  upon  nnatoin- 
ical  examination,  geuenilly  only  a  small  number  of  conjunctival 
follicles  are  foun<l,  while  during  life  wc  often  see  the  whole  con- 
junctiva covcreil  with  them.  Still,  from  this  fact  there  is  no  cer- 
tainty that  new  follicles  are  formed,  since  all  the  folli<;l{*s  wliicb 
exist  are  not  necessarily  anat*jmically  demonstrable.  It  is  eviilcnt 
that  the  develojunent  of  these  s-tructures  in  gvnend,  not  only  on 
the  conjunctiva  but,  for  instance,  upon  the  walls  of  the  intestines, 
even  under  physiological  relations,  tlojH'iids  upon  conditions  not 
fully  understood.  The  theory*  that  the  lymph  follicles  are  not 
physiological  organs  but.  patliological   products,  depends  partly 


•  IleutBcUtf  Elinik>  1859,  pttg.  247. 
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Uf>on  this  oiianffe  in  their  appearance.  There  is  no  direct  proof 
to  sultstaiitiate  this  thwiry.  To  cjill  all  cxHijiinetival  follich's  tra- 
chorna  and  to  assume  the  existonce  of  trachoma  from  tlie  presen(?e 
of  follicles  may  be  very  convenient,  but  it  docs  not  advance  our 
knnwlwlge  either  of  the  conjunctival  ffiUicJcs  or  of  the  nature 
of  traclioma.  Clinical  observation  has  at  least  determiiiCfl  lliis 
much  with  certainty,  that  swelling  of  the  c^injunctival  fiillirlps 
may  exitit  and  etintinne  a  long  time  without  the  deveiopuient 
of  the  slij^htest  trace  of  trachoma. 

Dnfavonible  hygitMiie  siMTouiidings  seem  the  most  frequent 
cnuse  of  thin  fullit'iilar  tswelHn^.  It  occurs  also  frctpieiitly  in 
individuals  whose  gonend  -Mirnnmtlings  an:  giHwl,  but  who  jicriorl- 
iciilly  occupy  overcrowded  apartments,  Iwdly  vcntihite<l  school-  or 
sleeptnjji-rooms,  etc.  The  same  ciroumstancxs,  iif  <Tiurse,  favor  the 
contagious  spread  of  a  umc<j-pnrulcnt  conjunctivitis  occurring  in 
one  of  tliese  individtial.s^  either  accidentally  or  from  these  ver\' 
ctiiises.  It  is  frwpiently  tlie  cast^j  thougli  it  slionid  n(*t  l>e  so,  that 
the  (xunnifm  iLse  of  wnsh-lKU)ius,  towels,  etc.,  j^ivus  siillicient  oppor- 
tunity for  direct  inoculation.  But  even  where  this  is  not  the  case 
the  disiase  may  spread,  as  an  cntJcmic,  in  a  manner  only  to  be 
explained  by  assunlin^;  an  atniospberic  infection. 

Its  course  varies  considtmbly.  Simple  swelling  of  the  con- 
junctival f<illich's  may  jwrsist  a  long  time  in  s]>ite  of  the  most 
irareful  treatment.  It  often  disapjK^are  under  the  use  of  an  astrin- 
gent eye-water,  for  instance,  a  |  pt;r  it- nt,  solution  of  sulphate  of 
/.inc. 

The  otlier  .symptoms  connected  with  this  tsindition  depend  for 
the  most  part  n|Min  the  Ix^havior  of  ilie  niucims  membrane.  The 
imtients  oi>eu  experience  no  annoyance,  and  the  discovery  of  the 
follicles-  is  accidental.  In  other  oises  the  mncfais  membmne  pre- 
sents the  symptoms  of  a  simple  hyperiemia,  and  the  patients 
complain  of  burning  and  ]>ricking  in  the  eyes,  espe<.'ially  during 
work,  and  inrhaps  that  upon  waking  in  the  morning  the  lids  arc 
glued  together.  Even  when  the  entire  wiujuuctiva  ni'  the  lids  is 
cf>vcre<l  with  swollen  foUirles,  there  may  Ix?  no  further  symptoms 
than  those  named.  Swelling  of  the  follicles,  however,  appears  to 
make  the  conjunctiva  more  suw.-eptible  to  iidlanunatiini ;  and  this 
much  is  certaii*,  that  all  conjnnctival  inHanimations,  under  these 
circumstunces,  are  very  obetiuatc.     Moreover,  all  forms  of  cou- 
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jmu'tivitin,  rfininic  liyiKTrLMiiJa^  sltiiplr,  blcnnorrlioal,  or  phlyc- 
tenular conjtMiclivitis,  may  be  complicated  with  swelling  of  the 
conjunctival  follicles. 

A  very  peculiar  condition  dovolo|>s  when  swelling  of  the  fol- 
Uelo*;  becomes  complicated  by  severe  hitlammation  and  a  muco- 
purulent secretion.  The  clear,  transparent  color  of  the  follicles 
then  disappears,  printiiKiIly  liccausc  the  mucouH  mombrane  cover- 
ing them  becomes  more  opaque;  moreover,  their  sharp  outlines 
nre  hwt  in  the  swelling  of  the  mucous  membrane';  still,  we  «in 
detect  u]K)n  tlie  folds  of  the  thickened  conjunctiva,  traces  of  llie 
follicle-^.  Er*pecially  in  those  i^ses  in  whicli  the  conjunctivitts 
is  unilateral,  while  the  swelling  of  the' follicles  exi^^  on  l>otJi 
sides,  is  the  comparison  of  the  two  eyes  very  instructive. 

Cases  of  follicular  swelling  wliich  become  ctjuiplicated  with 
mild  conjunctivitis  arc  diifioult  t4)  distinguish  from  tliose  which 
are  generally  described  as  "acute  granulations."  Besides  the 
wmptonis  of  an  acute  inflammation,  the  mucous  membrane  is 
found  covered  witli  small  sphericid  prominenees,  smaller  and 
fewer  upon  the  tirsal  part,  larger  and  more  numerous  iu  the 
fornix.  In  more  severe  cjis«»  the  margins  of  the  lids  ai-e  re<l  .and 
swollen.  The  Iiy|)encmia  of  the  mucous  menxbraue  is  frequently 
so  cxoei=.sive  that,  niwn  everting  the  lids  or  lightly  touching  them, 
blwding  follows.  The  oonjunctiva  solene  is  often  infiltnited  with 
a  serous  exudation,  and,  as  a  s|)oelal  peculiarity,  the  cornea  is 
often  surrounded  by  a  zone  of  injcH-tciI,  radiating,  fine,  deep-lying 
vessels.  The  secretion  is  at  first  a  thin  fluid,  consisting  of  copious 
tears  with  some  coagulated  mucus;  later,  it  becomes  raueo-puru- 
leiit  and  less  pixjfust\  There  is  the  s:mie  tendency  to  severe 
corneal  affections  as  in  the  bleuuorrhwal  process. 

Tt  uce<l  scarcely  be  remarked  that  the  conjunctival  follicles 
ought  never  to  be  ilestroye<I  by  cauterization.  The  hx'Jil  treat- 
ment should  be  regulated  by  the  condition  of  the  mucous  mem- 
brane. If  the  latter  l>e  simply  hyponEmic,  fresh  air,  frixjuent 
washing  of  the  eyes  in  cold  water,  the  cye-douelie,  etc.,  should  Ik* 
prescribed.  If  there  be  at  the  same  time  an  abnormal  secretion, 
mild  astringent  eye-washes  should  be  used,  for  insUvnce,  a  J  j>cr 
cent  solution  of  sulphate  of  zinc  or  neutral  ae^-tate  of  lead. 

Swelling  of  the  conjunctival  follicles  complicated  with  consid- 
erable blennurrhceal  swelling  of  the  mucous  membrane  demands 
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st  first,  antiphlogistir  treatment,  and,  later,  cauterization  with  a 
]  to  3  per  cent,  solution  of  nitrate  of  silver.  Still,  t!ie  tiiustio 
trcntinent  inu*it  be  umU'rtaken  witli  great  eaution,  sinet  premature 
and  severe  cauterizations  are  likely  to  cause  dangerous  exacer- 
Iwtions.  So,  tfw,  tlie  cantenziitions  sliould  Im?  slopped,  and  an 
antiplilopjistic  treatmeut  HulistitutL'd,  ho  sooh  jls  any  intercurrent 
iurtanimation  apjtears.  After  it  has  passed,  the  caustic  treatment 
•  may  l>e  again  carefully  be[|;uu. 

If  the  alwve  desc'ribe<i  conjunctival  affections  spread  epidem- 
ically in  schools,  Ixirracks,  etc.,  the  diseased  should  fte  Heparated 
from  the  well,  and  tlie  unfavorable  hygienic  jiurn bindings  which 
usually  exist  should  be  improved  as  much  as  possible. 
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At  first  glance,  it  would  seem  strange  thnt  n  general  understanil- 
ing  of  so  frequent  a  disease  as  traehoma  has  not  yet  been  reached. 
But  it  is  true,  for  the  same  reasons  that  confusion  of  ideas  prevails 
in  other  branches  of  me<llcine.  How  difl'erent,  for  instance,  would 
be  the  understanding  of  syphilis  if  it  were  possil)le  to  follow  Kich 
case  thi-ough  its  entire  course!  In  the  same  way  we  may  account 
for  the  many  deticieneies  and  obscurities  existing  in  our  under- 
standing of  trachoma.  Not  only  are  the  opportunities  for  ana- 
tomical examinations  in  recent  cases  very  rare,  but,  wliat  is  still 
more  unfortunate,  the  clinical  oljservations  remain  often  very 
injjxrrfect.  On  account  of  the  exceedingly  chronic  nature  of  the 
disease,  it  is  very  seldom  j>ossible  to  follow  any  individual  case 
from  beginning  to  end.  The  difficidtieji  are  still  further  in- 
creased by  the  fact  that  processes  which  at  first  apjiear  very  dif- 
ferent may  lead  to  the  same  results,  namely,  shrinking  of  the 
otmjunctiva  and  tarsus^  and  i»nnnus  of  the  cornea.  In  general, 
we  roust  class  as  trjichoma  all  cascH  which  begin  insidiously, 
whose  eonrsc  is  chronic,  and  which  finally  lead  to  KhrinUing  of 
the  c^onjuncrtiva. 

In  many  cases  trachoma  develops  in  the  following  manner.  The 
entire  stirface  of  the  conjunetiva  is  at  first  observed  to  he  strewed 
with  spherical,  yellow,  opalescent  graiudations,  standing  so  neai* 
together  that  they  have  been  compared  to  frog*s  spawn.  Upon 
everting  the  lid  the  fornix  ronies  prominently  to  view,  swollen 
into  thick   folds,  and   covered  with  trachumatous  granulations. 
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Tlirae  rlmnges  niny  cause  a  very  coiisidemble  hy[>ei'tropliy  of  the 
plicM  SL-nilUinari^i,  wliicli  then  projects  over  tlio  hu'hrymal  ciirunclc 
in  tiie  form  of  a  yellow  fnUl.  SciitU'reil  gnmulatioiiH  also  generally 
ap|K\'ir  u|«)u  the  conjunctiva  sclera',  netir  the  fornix. 

If  OIK*  i>f  the  spherical  prannlatioiis  be  remove*!  with  the  scis- 
sors for  ihv  [nirpose  of  inicrofHxipic  exiimination,  tliere  is  fonnri 
immediately  under  tlic  epithelium  an  accumulation  of  cell*  having 
exactly  the  clmracter  of  !y«iph-<)r  white  l)loi)d-ciir[iusclt>.  Among  ■ 
these  cells  run  very  dcUejite  blood-vesseU,  and  upon  tl»e  surface, 
immotliatcly  under  the  epitlielium,  are  generally  a  number  of  fatty 
degcneratotl  cells,  whii'h  possibly  cans*;  the  yellow  apiwarancc  of 
the  tniciiornatous  gnnmlatlons.  Smaller  bodies  of  ihU  sort,  of 
iwrhajis  1  mm.  diameter,  which  I  have  *tc<!asionaIly  examined, 
ap|M'ar  to  be  envehipeil  by  a  closed  cap&ule  of  connective  tissue, 
and  should  therefore  In?  regarcJed  as  lymph  follicles,  but  as  a  gen- 
eral thinj^  the  larger  of  these  bodies  do  not  possess  the  most  essen- 
tial characteristic  of  a  lymph  follicle,  namely  a  counw^tive-tissue 
cttl>sule  separating  it  from  the  stirroundiiig  tissues.  The  accumu- 
lated lymphoid  cells  wiii<*h  give  theyellowcolor  to  the  granulations 
are  by  no  means  strictly  limited  to  them-  Their  limiLs  are  gradu- 
ally lost  ill  the  adjoining  conjunctiva!  tissue,  where  they  are  more 
sparsely  sc-attere<l.  This  is  why  frc(|uently  extensive  portions  (»f 
the  conjunctival  tissue  are  found  infiltrated  with  these  yellow-gray 
masses,  and  still,  none  of  the  above  described  trachomatous  granu- 
lations arc  present. 

This  condition  may  exist  without  any  subjective  symptoms  by 
which  the  patient  Ijccomcs  aware  of  it.  Generally,  however,  in- 
flammatory attacks  occur  sooner  or  later,  in  the  coui*se  of  which 
corneal  disease  (Fannus  trachomatosus)  develops.  Still,  this  con- 
dition is  one  from  which  there  may  Ite  full  recover)'.  I  have  seen 
cases  in  which  the  conjunctiva  presented  the  ahove  describe*! 
macroscopic  and  microscopic  appojiranccs  and  the  cornea  a  con- 
siderable trachomatous  piimnis,  and  yet  rt>covery  was  so  <'orn|dete 
that  no  changw  couUl  he  seen  in  the  conjunctiva,  and  in  the 
c^trnea  only  a  superficial,  diffuse  clouding.  Still,  such  a  favorable 
course  is  comparatively  rare. 

The  intercurrent  inflammations  are  often  very  severe.  Great 
swelling  of  the  lids  comes  on  suddenly ;  they  are  red,  glistening,  and 
hot;  the  conjunctiva  is  swollen,  smooth,  glistening,  and  very  red; 
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the  set'rctioti  is  ver>'  profuj«e,  consisting  of  tears  mixed  with  imicus. 
Kcmtitis  is  fre<]ucutly  prw-tnt.  TIic  eyes  are  very  sensitive  to 
light ;  the  haul  is  held  bciit  fi»rwnnl ;  the  attempt  to  seimratc  the 
lidt*  fomhiy  is  exceedingly  painful,  and  causes  violent  spasmodic 
rontn»rtionp  in  them.  If  tlie  oonjiinctivH  lie  i^arefnlly  examined 
after  the  svvero  inflamniatory  [«yrnj>t()riis  have  abated,  it  will  be 
found,  CKpeeiiilly  on  the  tarsal  ]Kirt  of  the  up[>er  lid,  in  a  condition 
n-senihlinj;  the  ^^rumilatinp  tsurface  of  a  wound.  It  is  covered 
with  jri'owinj^  nodulrs,  which  arc  exceedingly  hypcncmic  and 
I)ninfnl,and  which  bleed  if  lightly  touched. 

It  cannot  Ijc  dotcnnine<l  whether  this  condition  is  al«*ays  prc- 
eetled  by  the  al)t>ve  nicntione<l  fn^-spawn  granulations  <ir  the 
diHu!>e  infiltration  of  the  niuciius  meiubnine,  !^ince  many  patients 
4)0  not  present  themselves  for  treatment  till  thedisiiLse  has  reached 
this  stage. 

If  the  disease  has  once  reaehe<l  this  condition,  the  formation  of 
cicatricial  tissue  and  more  or  less  shrinkage  of  tlie  conjunctiva 
always  follow.  The  (ronjunetiva  then  appears  sni(K>th,  presenting 
no  longer  the  soft,  velvety  surface  of  a  normal  mucous  membrane, 
but  IB  changed  as  is  the  skin  by  the  formation  of  an  extensive 
ci«3itrix.  Tiiere  are  genendly  strong  strings  of  cicatricial  tissue 
on  the  tarsal  part  of  the  ujjper  lid,  jMrallcl  to  its  margin,  aud 
about  2  nun.  from  it.  The  fornix  also  is  smooth  and  sliortencd, 
so  that  when  the  lower  lid  is  everted  and  the  patient  looks  ni>- 
wapd  a  number  of  vortical  folds  are  seen  to  stretch  from  the 
scleral  to  the  pnli>ebnil  conjunctiva.  The  same  can  l>c  seen  on  the 
up|Hir  lid  wlieii  the  patient  looks  downward.  Tlie  margin  of  the 
li<ls  and  the  cilia  may  remain  normal,  but  as  a  rule  the  shrinking 
is  not  limitetl  to  the  <'onjunctiva,  \n\t  extends  t4)  the  tarsus.  The 
effect  of  this  is  to  obliterate  the  inner  angle  of  the  lid,  and  an 
abnormal  direction  is  given  to  the  cilia.  The  tarsus  bec*mics  too 
much  curvfHl,  botli  in  the  vertittd  and  in  the  horizontal  direction, 
and  its  anterior  convex  aspect  causes  the  lid  to  appear  swollen  ; 
an  cxaniiniition  of  the  inner  surface  suflltMs  to  elejir  up  this  error. 
The  nnlrition  of  the  cilia  Huflers  from  the  disease  of  the  tissues 
nl>out  their  roots.  They  become  rcplaccil  by  poorly  develoi^cd,  thin 
hairs,  which  are  often  abnormal  in  jxirtition  nnd  direction,  resting 
upon  (he  cornea  ami  keeping  up  n  continual  niechaniral  irritation. 
The  conBef|uencc  may  be  a  spasmodic  contraction  of  the  marginal 
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pnrtioii  of  the  orbiL*uIarii«,  which  causes  the  cilia  to  tunt  absolutely 
iiiwnnl  (trichiasis,  (li}4tichitt'iis,  and  entropion). 

M'lictlier  11  coiiilitiou  of  |>roliferation  always  prec«ie3  this 
Bhrinkage  of  the  conjunctiva  cannot  1k»  alwolulely  assorted. 

In  the  worst  ols-s  the  ^Iirinkage  of  the  t-onjinu'tiva  linally 
beeomoH  so  great  tfiut  it  liM^eti  the  character  of  a  mucous  nicnibrauc. 
The  excretory  ducts  of  the  lachrymal,  tanyd,  ami  conjunctival 
glaudrf,  and  the  hair  fullioles,  become  obliterated,  and  thus  all 
those  organs  arc  dcstroyctl  wliicfi  serve  to  moisten  tlic  mu*wii8 
membrane.  Its  epithelium  bt^coniea  dry,  and  therefore  ap|>ears 
gniy  like  the  epidcruii!*.  The  same  condition  exists  on  the  cornea, 
which  is  of  course  alxsolutely  oiKKjue.  The  shrinkage  of  llie 
mucous  membrane  in  uftcu  so  ^i*eat  that  the  margins  of  the  lids 
are  drawn  close  about  the  marj^in  of  the  cornea,  so  lliat  a  cimjune- 
tival  8iic  no  longer  exists.  This  condition  of  atro]ihy  and  dryness 
of  tJie  conjunctiva  is  called  xerosis. 

The  disease  of  the  cornea  which  so  often  accompanies  trachoma 
dcservcw  special  mention.  Daily  experience  contradicts  the  view 
here  and  there  expressed  that  the  implication  of  the  cornea  is 
simply  the  mechauical  consequence  of  the  trichiasis,  or  of  the 
roujrhiiess  of  the  inner  surface  of  rlio  lids.  Panniis  trachomatosus 
occurs,  und  tliut,  loo,  not  iufre<|Uently,  where  the  margins  of  tlie 
lids  arc  normal,  and  where  there  is  no  unevenne&s  of  llie  inner 
stu-faee  of  tlie  lids. 

Freipiently  a  cloudiness  and  vascularization  develop,  beginning 
at  the  upper  corneal  margin.  Large  vessels  pass  from  the  oon- 
junt'tivji  scleric  over  into  the  Hiiperficial  laycrt?  of  the  cornea  and 
there  ramify,  while  the  corneal  tissue  within  the  region  of  tiiis 
vascularization,  and  generally  somewhat  beyond  it, apjiears  clouded 
and  fretjuently  tilled  with  a  great  numher  of  somewhat  brighter 
gray  <lotj^.  Ui>on  fo«il  illuminatiun  the  surface  ap|K:'ai's  uneven 
as  if  stippled,  or  as  if  there  hud  been  extensive  su|H;rH<'ial  loss  of 
substamx^'.  Tlie  longer  the  process  the  more  the  clouding  extends 
downward,  till  Hnally  in  this  way  the  whole  cornea  loses  its  trans- 
parency. In  this  form  of  |)annus,  too  much  importance  has  been 
attached  to  the  fact  that  the  development  of  vessels  takes  place 
from  ahove  downwai-d.  Pannus  and  vascularization  of  the  upi)er 
portion  of  tlu^  cornea  oec-ur  without  trachoma,  and  even  with 
trachoma  it    is   characteristic  only  ojs   it   involves  a  very  small 
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portion  of  the  cornea.  Tlie  more,  however,  tlie  vascularization 
extends  over  the  cornea,  the  more  this  }wenliar  nharncteristic  dis- 
ap[)ears,  since  tliese  viisst'ls  may  euenmch  ujioii  the  coniea  i'min 
every  part  of  tlie  margin. 

This  is  still  more  the  ease  witli  piiniius  owiirrlnj^  in  a  ilifTercnt 
wanner.  Tliere  occur  very  often  witit  trachoma,  either  with  or 
without  pre-existing  pannus,  circnmsorilMjil  corneal  inliltrations 
which  prp*ient  fully  thi:  chiinicter  of  a  keratitis  plilytenulosa. 
Tliey  aix-  at  firet  j^reatly  distcufled,  elevatwl  above  the  general 
surface  of  the  cornea,  of  a  gray  color,  and  surrounded  hy  n  <littiisc 
cloude*!  xone.  Somewlial  later  the  more  pn>rninent  part  of  the 
infiltration  breaks  down,  and  a  small  corncjil  ulcer  is  formed, 
which  may  perforate  the  cornea  and  cause  anterior  synechia  of  the 
iris.  Extensive  ulceration  of  the  cornea  with  great  prolapatis 
iridb  is  less  frequent.  Often  these  ititiltrations  and  ulwrs  cause 
a  chronic  irritable  condition.  They  l>ecome  va.scularize<l  frrmi 
the  corneal  margin,  and  m  this  mauuer,  by  a  rejKHition  of  the 
pro<*e«i»  ]KUinus  Is  jtrodueed. 

Si[auUaiicou?Iy,  the  protnicted  liypertemiu  of  the  conien  may 
cxtcu<l  to  tlie  iria  and  cause  an  iritis,  which  in  such  a  case  is  hard 
to  recognize  on  account  of  tl»e  clondinos.s  of  the  cornea.  Gen- 
erally,  however,  u|K»n  using  atroj>iiie  and  by  i\nn\  illumiualion, 
the  cornea  is  still  transparent  enough  to  admit  of  seeing  adhesions 
which  may  luive  formed  between  the  margin  of  the  pupil  and  tlie 
ca|>sule  of  the  lens. 

The  |xitliologIcal  changes  in  the  cornea  in  pannus  trachomatosus 
consist  in  tlie  development  of  Muod-vessuls  and  the  proliferation 
of  counties  spindle-shaped  cells.  Hitter*  found  this  proliferation 
of  cells  beneath  the  anterior  layers  of  the  cornea,  and  in  the  neigh- 
borhood of  the  sclerotic,  penetrating  as  far  as  the  membrane  of 
Debcemet,  while  In  the  centre  the  clouded  portion  of  the  cornea 
'^kecnpied  only  alxmt  one-t-ighth  its  entire  thickness  and  was  sharply 
difieFentiatcd  from  theap^uirent  normal  portion  l>elow.  In  one  case 
which  I  examineil,  where  the  painius  had  been  of  a  high  degree 
and  long  protracted,  the  anterior  clastic  membnuie  was  ueiu'ly 
entirely  destroyetl  by  numeroiLs  superficial  ulcers,  some  of  which 
bad   been  already  covered  with  new  epithelium.     The  clouded 
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portion  oocupiwl  about  one-third  the  tliickiKJss  of  the  cornea,  .ind 
eoiLsist4Hl,  just  ai*  in  the  case  ilestTilKti  by  Hitter*  of  crowdwl 
spindle-sliaptHl  ccIIk,  among  which  ocmlti  be  seen  but  very  little 
tranHparcnt  iutereellular  sulji*tunce. 

This  thinning  of  the  intercellular  substanoe  expUins  why  in 
many  cases  i>f  jvinnu^i  the  cornea  assumes  an  abnormal  curvature. 

The  causes  of  trachoma  are  to  be  sought  for  principally  in 
unfavorable  hyjcicnic  surroumlinji^.  Badly  ventilntetl  and  over- 
filled dwelling-rooms,  barracks,  schools,  factories,  etc.,  can  either 
cause  trachoma  in  a  conjunctiva  previously  healthy,  or  cnn  give  to 
a  somewhat  pnitracted  conjunctival  inflammutinn  a  tnchomatous 
character.  But  certain  forms  of  keratitis,  e«pi?cially  those  which 
de|iend,  asdo  most  phlyctenular  processes,  upon  unfavorable  hygi- 
enic surroundings,  may,  under  the  above  named  deleterious  influ- 
eucca,  Iw^come  complittited  with  trachoma.  *  The  contagious  char- 
n<^er  of  the  secreti<uia  in  acute  inflammatory  attacks  is  undoubtefl. 
Inoculated  cnnjinulivitis  may  vary  greatly  in  severity,  and  may 
even  assume  a  Meuiu»rrh(cal  character.  Cienerally,  howe\"er,  at  the 
time  oi"  tlic  inrK'iihilion  the  patient  is  subjocte<l  also  to  the  alwve 
named  luirtful  iuflutnices,  and  a  trachomatous  character  is  thereby 
c*>tidrtionrd. 

Tnichttma  i>  less  frequent  in  children  than  in  adtdts,  but  there 
is  no  truth  in  theas«erte<i  immunity  of  chi hi  hood  from  the  disease. 

It  is  noticcablp,  further,  tliat  jjcographical  causes  affect  the  die- 
ease.  TjOw,  damp  lands  apfwar  favondile  to  trachoma,  while  in 
mountainous  regions  it  is  much  less  frequent.  Switzerland,  for 
instance,  is  said  to  be  rntirclv  free  from  trachoma. 

The  course  and  re.'?iilt  in  many  mild  eases  of  trachomatous 
dist'a.se  are  quite  favorable.  Keoovery  takes  place  either  siwnta- 
ncousiy  or  under  |)ro[X!r  treatment  l)efore  cicatricial  contraction 
of  the  cnujunctiva  or  ]iauuns  lias  dcvclo|K'd.  In  other  cases  the 
process  does  notecase  till  thecnnjuuctiva  ha?  shrunk  to  somewhat 
less  than  its  normal  exti?nt  and  Jias  assurac<l  a  peculiar  smooth 
np|>earance.  If  the  iM^nitiori  rtf  the  margin  of  the  lids  and  the 
direction  of  (lie  cilia  remain  normal,  there  may  l»e  no  annoyances 
connected  with  this  ciMidition ;  but  in  some  cases  such  |>attent8 
suffer  fr*mi  frefjuent  rola|>ses  of  conjunctival  ]»y|»eriemin.  If,  how- 
ever, trichiasis  anil  entropion  have  develope<l,  the  continual  rae- 
chanical  irritation  of  the  cornea  and  conjunctiva  thereby  caused 
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exciter  connUtnt  inflaminntion.  Fortiiiiately,  most  of  thcAc  cases 
may  Iw*  greiuly  bencfitcrJ  l>y  an  o|K'rati<)n. 

Finnlly,  in  many  cast's  not  ev«ii  rulativp  reriivery  i^  attained. 
The  patients,  even  after  cicatricial  ctJiUractioii  of  the  conjunctiva, 
exposed  tlironglimit   tlmir  Jives  to  attacks  of  inHamniation, 

pnning  sonietimci-  cm  tlio  conjunctiva,  sometimes  on  the  nirnea. 
Generally,  incurabl«  hlimhiess  follows,  due  to  the  clouding  or 
ulceration  of  the  cornea,  or  to  xerotic  shrinkage  of  the  entire 
conjunctival  sac. 

Trfaiment. — In  the  first  place  the  hygienic  relations  are  to  be 
improved  as  much  as  jKftsible,  and  all  means  employed  to  prevent 
the  spread  of  the  disease. 

The  IcK'^I  treatment  of  the  mucous  membrnne  is  modified  by  its 
oouditiou,  and  accordingly  all  the  remeilies  ever  employed  in  con- 
junctival inflammations  may  be  used  in  their  proi)er  i>lacc  in  the 
treatment  of  trachoma.  Above  all  things  one  must  rid  him.^elf 
of  the  idea  that  it  is  doHiruble  to  destroy  by  cauatics  the  ex- 
crescences upon  the  surface  of  the  omjunctiva.  The  use  of  all 
liKTil  means  should  be  with  the  object  of  altering  the  nutrition  of 
the  mucous  membrane  ;  all  destructive  effects  must  carefully  be 
avoided. 

In  those  oases  of  trachoma  which  present  the  above  dcHcribcd 
|>ecuLiar  yellow-gray  exudation  in  the  mucous  membr'ane,  or  in 
which  the  conjunctiva  has  upon  its  !!,iir(iH'c  hypcrn?inicexcro«.*encep, 
which  incline  to  blec<i  eaaily,  sulj>liate  of  <'uppcr  is  the  sovereign 
remedy.  The  cfjnjunctiva  may  lie  touched  with  a  jieiicil  of  the 
pure  crystal,  or  solutions  of  vari-ing  strength  up  to  10  i»or  cent. 
may  Ik*  uscfl.  These  arc  applictl  with  a  caincl-hair  brush,  and 
then  immediately  washetl  off  again.  In  most  cases,  rapid  im- 
provement takes  place  under  this  treatment.  It  is  generally  ad- 
visable to  prescrilxi  the  continual  use,  for  some  time,  of  a  8i»lve 
consisting  of  1  to  1 J  parts  sulphate  of  copper  to  100  parts  unguen- 
tum  glycerini.  If  the  sulphate  o(  copper  be  not  well  borne,  or  if 
it  do  not  ]»roduoc  the  wishcd-for  results,  a  1  <ir  2  per  cent,  solu- 
tion of  nitrate  of  silver  should  next  be  tried.  A  still  milder 
eftect  may  be  had  by  using  n  1  or  2  per  cent,  solution  of  acetate 
of  lead  or  tannic  acid.  Fivquently  the  conjunctiva  is  so  sensitive 
that  local  applications  are  not  well  borne,  but  always  cause  an 
ravation  of  the  irrital)lc  condition.     In  such  ca.ses  it  is  well  to 
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ose  wurni  fonienlati<tits,  either  cataplasms  or  warm  va|>or  dirvct 
against  the  eye.  \\'l)ei)  umlor  tliis  treatment  a  cojiitms  niiieo- 
purulent  secretion  oeeurs,  tliu  use  of  mtld  local  uppliculion.s  may 
be  begun. 

If  in  the  later  stages  of  tmchomu,  when  the  conjunctiva  has 
become  smooth  and  shrimkea,  there  be  still  liy|>enen)iu  and  a 
muco-purulent  secretion^  only  mild  local  upjilieations  aresuitaUc, 
say  a  1  jkt  cent,  solution  of  nitrate  of  silver,  or  a  1  to  2  per  ct-nt. 
solution  of  at*tnte  of  lead,  or  an  eye-water  containing  i  |>er  t-ent. 
acetate  of  lead. 

As  already  said,  tricliiasis  and  entnipion  arc  to  be  relieve*!  by 
o{>eration.  If  only  a  few  small  cilia  have  uu  abuormu)  direction, 
and  rest  against  the  cornea,  it  ia  better  to  pull  them  out  as  often 
as  necessary. 

The  [Minnus  trachomatosus  apj>ear»  gi?nurally  directly  <le])endent 
U]»oii  the  behavior  of  the  coiijin»ctiva,  and  improves  at  the  sjime 
time  that  it  di>es.  On  the  other  hand,  it  ftomerinie^  happens  that 
the  etinjiUR'tJva  becomes  shrunken,  but  is  futircly  free  from  in- 
flaniiuaLory  irritation,  while  the  pannua  persiyts  unclmnge<).  It 
is  useless  iu  these  cases  to  continue  the  usual  local  treatment  of 
the  conjunctiva.  The  treatment  is  to  be  apjilicd  direirtly  to  the 
cornea.  In  such  cases  the  use  of  spray  is  greatly  to  be  rwoin- 
mended.  The  spray  of  a  1  per  cent,  solution  of  sulphate  of  co|>- 
per  should  bo  thrown  for  some  niinnti-s  directly  a>riin?t  (he 
cornea.  A  dilute  solution  of  tincture  of  opium  (one  part  to 
three  of  xlistilled  water)  often  does  good  service.*  Frerjuently 
the  keratitis  maintains  an  irritable  conilition,  which  dernnnt^ls 
the  n8C  of  atropine.  If  in  the  later  stages,  wkcn  the  t;ieatrizc<l 
conjunctiva  has  already  shrunken,  the  keratitis  excite  irritability, 
n  salve  of  rwl  [irecipitale,  1  part  to  100  |)arts  nng.  glyoerini,  is 
often  serviceable. 

As  a  last  resort  in  the  most  severe  coses  of  trachoma,  the  inocu- 
lation of  bleiinorrh(jeal  or  gouurrha?a!  secreticm  in  theeonjunctival 
sac  is  recommentlcd.  There  follows  then  a  blennorrhoeal  iuHam- 
matiou,  whose  acute  stage  lasts  from  2  to  6  weeks,  while  a  chronic 

*Schenkl,  Anweiulting  des  Pulvoriialeurs  he\  Au8:t<nl(rankiinLrpn,  PrtiffiT 
Vierteljuhrscbrirt,  1871,  pHir.  140;  Jak-s  Cyr,  Noic  sur  In  Pulv^TlKutitiu  np- 
pliqude  nux  Mnlaclied  ilc«  Yeux,  Annalcs  d'Oculiitiqiio,  186G,  pug.  292. 
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bIennorrha»aI  condition  may  last  from  2  to  20  monllis  longer. 
There  should  be  no  treatment  other  than  eleanlines-s  and  rareful 
bathing  of  the  eyes,  since  the  destruction  of  the  IruolioiuatouH 
growths  and  the  cure  of  the  pannus  depen<i  upon  the  undis- 
mrt>ed  course  of  tiie  blcnnorrho'al  pro««.s.  The  clearing  up  of 
the  pannus,  moreover,  occufh  very  filowly,  so  that  one  or  two  years 
nmy  ehtpse  before  a  definite  eftect  is  reached.  This  treatment  is 
recommended  f(jr  cases  in  whifh  tliu  lids  an;  coveretl  with  thick  tra- 
chomatous growths,  and  the  paimus  of  the  cornea  is  sndi  tliiit  the 
patient  is  able  only  to  |}erceive  light  or  to  count  fingers.  If  a  part 
of  the  cornea  lie  stil!  i'lear,  its  ulceration  is  to  be  feared.  This 
treatment,  therefore,  is  scarcely  to  lie  employed  in  eases  in  which 
there  is  blindness  in  one  eye  but  still  useful  vision  in  the  other. 
For  in  the  progress  of  the  ino<'ulatc<l  blennoiThcea  an  accidental 
infection  of  the  other  better  eye  may  easily  occur,  and  the  danger 
here  on  account  of  the  relatively  good  or  absolutely  normal  con- 
dition of  (he  cornea  is  mu<:h  greater  than  iu  tlie  eye  whose  cornea 
is  already  highly  vascularized.  But,  after  all,  I  canmit  rctvm- 
mend  tliis  practice.     No  more  seems  to  be  accon»[)lish(Hl  by  it 

;  thftD  may  be  done  in  a  less  datigerous  way  by  Bkilful  ]f».-:i\ 
treatment  of  the  conjunctiva. 

The  conjunctiva]  diseases  which  occur  as  epidemics  or  endemics 
In  the  army,  and  which  are  called  by  the  names  Ophthalmia  mili- 

I  taris,  O.  Kgyptia<'a,  or  O.  granulosa,  should  bo  classed  iu  t:ne  or  the 
other  of  the  grtuips  here  described.  A  pro|>er  understanding  of 
this  subject  is  difficult  to  attain,  for  the  reason  that  it  has  been 
UBuat  to  include  under  the  tcrnt  gi'nnulutious,  all  inequalities  upon 
the  surface  of  the  conjunctiva.  Indeed,  upon  clinical  examina- 
tion, there  is  often  doubt  whether  one  has  Iwfore  him  swollen  fol- 
licles, infiltrated  tVdds  of  the  mucous  metnbnine,  or  excrescences 
from  the  tissue  of  (he  conjunctiva;  even  the  nucroscopic  results 
fail  to  agree. 

While  Stromeyer*  has  correctly  shown  that  anatomically  the 
so-called  vesicular  granulations  are  the  dosed  follicle  of  the 
conjunctiva,  Prcussf  rc^nls  them  as  the  products  of  inflarii- 
matioQ,  and  compares  them  with  condylomata  of  the  external 


•  Deutsche  Ktinilc,  1859,  [wg.  247. 

f  Berliner  kliniscbc  Wucbenschrift,  1869,  pa^p.  488. 
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skin,  the  granulation  tissue,  "  turo  luxurians*'  of  Virchow. 
The  statenieuts  of  Treuss  n^pecling  the  mk*ros<x>pie  ap|M:arauccs 
assert  nothing  whieli  tanuot  be  referred  to  the  lymph  folHdes, 
and  his  remark  that  "^  often  when  such  a  granulation  Is  seized 
witli  tiie  scissors,  a  thick  pulp  issues  from  it  as  from  a  ruptured 
cai^ule,"  makes  it  probable  that  tliey  are  actually  swollen  lymph 
follicles.  When  now  l^reuss  goes  on  todescril>e  a  proliferation  of 
connective  tissue  and  suljsequcnt  shrinkage  as  a  metamorphosis 
of  the  granulations,  it  is  certainly  not  to  be  donbted  that  sucli 
processes  fre*jucntly  occur  upon  the  conjunctiva,  but  it  ie  not 
prolxtble  that  the  lynit>h  follicles  alone  experience  this  transfor- 
mation. 

The  difficulty  connected  with  the  subject  is  that  the  various 
formations  which  are  callefl  conjunctival  granulations  may  some 
of  them  have  been  originally  anatomically  idcnti<'al,  but  by  in- 
ternal metamorphosis  have  come  to  be  different,  while  others 
which  seem  similar  were  originally  anatomii'utiy  different.  That 
this  last  often  happens  lias  been  frequently  shown  in  our  discus- 
sion of  conjunctival  diseases. 

ITeinorrhagts  beneath  the  (ninjnnrtiva  sclerie  occur  sometimes  in 
c<jnsofjueuce  of  injiiric-s,  sotni!(iiiK*s  from  violent  straining, — for 
instance,  freijueutly  during  whooping-cough, — sometimes  without 
any  perceptible  cause.  They  disappear  spontaneously  in  a  few 
days. 

CEdema  of  the  conjunctiva  sclerw  is  generally  only  a  symptom  of 
Bomc  other  disease.  Acute  conjunctival  intianimation,  severe  iritis 
or  choroiditis,  inflammation  of  the  orbital  fat,  etc.,  may  be  awxmi- 
j>anied  by  excessive  chemotic  swelling.  OfteUj  however,  without 
any  opimrent  cause,  there  occur  great  swelling  and  iiyperfemia  of 
the  otMijunctiva  sclerw,  which  protrudes  fmni  the  italixibml  fissure 
as  8  tensely  stretched  dark-red  tumor.  In  tlie  course  of  pne  or 
two  weeks,  if  the  eye  be  kept  quiet  and  protected  from  external 
irritation,  this  ervsii>elatous  inflammation — if  one  wish  to  call  it 
so — may  disapivcar. 

In  the  course  of  variola  the  characteristic  pustules  may  develop 
upon  the  conjunctiva.  After  tJicy  are  healed  they  generally  leave 
pigmentetl  spots. 

The  occurrence  of  lupus  bos  already  been  mentioned  on  page 
227. 
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Pemphigus  of  the  conjnnetivu  is  very  rare.  Only  two  oases* 
■re  known  in  whicli  i»L'[nphigiw  occurred  upon  the  conjunctiva  iu 
iconnection  with  the  enii>tion  on  other  parts  of  the  hody.  It 
always  leaves  a  scar,  just  a«^  if  tlic  surface  had  been  dewtroycd  by 
a  strong  caustic,  Re|jeate<l  eruptions  of  pemphigus,  therefore, 
greatly  endanger  vision,  by  shrinkage  of  the  conjunctiva  and 
opacity  ttf  the  cornea  dc|iendiug  upon  it. 

Foreign  bodies  in  the  conjunctival  sac  generally  fix  themselves 
npon  the  tarsal  |>art  of  the  u[>|K!r  lid,  and  cause  an  easily  recttg- 
niauible  traumatic  conjunctivitis.     Their  removal  is  not  <lit^eult. 

Splinters  of  straw,  wowl,  etc.,  often  hide  in  the  fornix  of  the 
tipper  lid.^and  may  remain  there  a  long  time.  They  cause  a  cir- 
curasoribetl  proliferation  of  the  connective  tissue,  which  disappears 
laf^er  the  foreign  IkmIv  ha.s  been  remove<l. 

Burns  of  the  conjunctiva,  by  molten  substances  or  chemical 
Scaustics,  cause  a  traumatic  conjunctivitis,  which  tn  mild  cases  yields 
bo  simple  antiphU^istic  treatment,  or  may  pass  over  into  i*ome 
Dne  of  the  above  described  forms  of  conjunctivitis.  Deep  burns, 
destroying  the  mucous  membrane,  cause  cicatricial  adliesions  and 
Bvmblepharon. 

By  pter>'gium  is  understood  a  thickening  of  the  conjunctiva,  of 
triaugular  form,  its  base  generally  turned  toward  the  inner  can- 
thus,  while  itK  white,  glistening,  blunt  point  lien  u|K>n  the  c<n'nea. 
A  number  of  vessels  converging  toward  the  point  cau  geuerally 
be  -feen  in  the  pterygium. 

The  base  of  the  pterygium  is  sometimes  only  a  few  millimetres 
from  the  margin  (tf  the  cornea.  Where  it  has  existed  a  long  time, 
frnd  has  reache<l  a  high  degree  of  development,  it  may  extend  to 
the  plica  semilunaris  or  to  the  fornix,  and  thi;^,  on  account  of  the 
noD-yielding  nature  of  tlie  pter\'gium,  cau-ses  a  liniitation  of  the 
movement  of  the  eye. 

Near  its  point  the  Iwrders  of  the  pterygium  are  sharply  tlctined, 
And  in  the  neighborhood  of  the  limbus  conjunctiva'  cornea*  they 
are  often  reflocte<i  under,  st>  that  a  fine  prolie  may  be  inserted  for 

lihort  di.stance  Ijetween  the  pterygium  and  the  cornea.  Toward 
itA  bafle  the  pterygium  gradually  loses  its  sharp  lx>undaries. 


•  White  Cooler.  Ophlh.  Hosp.  Rpp..ie68,  No.  4,  p«g.  1&5;  Wecker,  Klin. 
Mon&ubl.  r.  Augenbcilk..  1H6A,  pu^;.  2S2. 
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The  connection  between  the  ptery^^iiiin  and  the  tissue  aiuler  it 

isr^uite  loose, and  it  may  \>e  removed  witli  tlie  forceps  and  w(«sor= 
fn>m  the  sclera  and  cornea  without  causing  pain  to  the  patient, 
esfiecially  when  he  is  told  to  look  towani  the  side  on  which  tlie 
pterygium  grows. 

In  the  gn-ut  majority  of  cases  the  base  of  the  pterygium  is  di- 
recte<l  toward  the  inner  cantluis,  seldonier  outwani,  and  only  very 
rai'cly  upward  or  dowriwanl.  The  jxiitjt  gmdually  grows  fn>in 
the  margin  of  the  conieji  toward  ihe  centre,  but  without  actnnlly 
reaching  it,  except  In  rare  ca-ses. 

Under  the  influence  of  conjunctival  inBammatinnB  the  ptery- 
gium may  swell  greatly  and  assume  a  fleshy,  uneven  ap[)earance. 

Pterygium  occurs  most  frequently  in  agetl  persons  who  by  the 
nature  of  their  daily  occupations  are  exposed  to  the  effect  of  me- 
chatiical  or  cliemicnl  irritants,  for  instance,  dust,  and  particulnrly 
lime-dust,  or  the  irritating  fnme-s  of  stables,  etc  Chronic  con- 
junctivitis often  exists  simidtineonsly  with  the  pterv'ginm. 

Microscopic  examination*  has  shown  that  tlie  pterygium  ana- 
tomically is  a  mass  of  connective  tissue,  which  is  to  be  regarded  as 
continuous  with  the  conjunctiva  sclerse.  UiKtn  longitudinal  sec- 
tion the  l>u[id!es  of  connective-tissue  fibres  are  seen  converging 
toward  the  point  of  the  pterygium ;  parallel  with  them  run  many 
very  thin-walled  blncHl-vessels,  whitjli  are  more  numerous  just 
below  the  epithelium  than  in  the  deeper  parts,  where  only  u  few 
lai^e  vascular  stems  are  to  be  found. 

The  connective  tissue  composing  the  inner  part  of  the  pterygium 
is  of  two  kinds,  colloid  or  mucous,  and  fibrillar.  There  is,  how- 
ever, no  sharp  fh'inarcation  between  the  two  kinds  of  tiftsnc,  but 
tht-*  transition  from  luie  to  the  other  is  gnulual.  The  Hbrillar 
tissue  lies  mostly  in  the  central  part,  and  ctmsists  of  fibres  running 
longitudinally,  having  few  nuclei,  and  arrange*!  in  bundles.  Its 
structure  is  most  dense  at  the  |Kjint  and  at  the  outer  sides  of  the 
pterygium,  while  in  the  inner  part  it  lies  only  along  the  course 
of  the  bVwd -vessels.  The  nearer  its  cells  lie  to  the  vessels  the 
closer  and  more  regidarly  are  they  disposed  ;  the  farther  they  are 
from  the  vessels  the  sjmrser  and  longer  they  become,  and  the  more 

*  Schrcitcr,  Untersaohungcn  uber  das  PlugclfpU,  Inaugunil-TlisftArtalion, 
Leipzig,  1872. 
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apimrent  tlieir  arrangement  in  parallel  buntUcfl.  It  is  espefinlly 
iuitiLt.'aI>ie  tliat  not  only  the  anterior  f^urface  of  the  pterypriuni,  Init 
ali?o  ihat  part  of  itj;  iMwterior  surface  whicli  lies  upon  the  cornea 
18  covered  with  epitJielium.  Tliis  gives  to  the  pterygium  the  ap- 
pearaiice  of  beinj;  a  growth  of  that  layer  of  the  conjUDotiva  sclerse 
wliieh  lies  I>etwecn  the  epithelium  and  the  sclera.  The  growth 
and  progress  as  well  aa  the  triangular  form  of  the  pterjgiura 
would  then  de]>'nd  principally  uixin  the  growth  of  the  vessels 
and  their  arrangement. 

These  formations  are  really  different  from  the  somewhat  simi- 
lar oiicM  which  are  eausetl  by  ]o^s  of  substance  and  cicatrization 
at  ihe  margin  of  the  cornea,  and  which  have  therefore  lieen  callwl 
'^cicatricial  pterypiun»."  Ult^rative  processes  at  the  marj^in  of 
the  cornea,  involving  both  it  and  the  conjunctiva,  may,  from  the 
resnitinjf  cicatricial  contraction,  end  in  this  kin<l  of  pterygium. 
The  easily  dieplaccfl  conjunctiva  is  drawn  over  upon  the  cornea, 
and  thtu  a  triangular,  folded,  thickened  masR  is  formed,  who!« 
point  liefl  upon  the  cornea,  and  whose  base  extends  to  tlie  fornix 
conjunctivte.  Wounds  upon  the  margin  of  the  cornea  by  foreign 
biMlieej,  gun)>owder  blown  into  the  eye,  burns  from  mincnd  acids 
or  rn>m  molten  nietalH,  have  been  observed  its  causes.  It  is  only 
ex^tptionally,  l>ut  in  such  cases  quite  rapidly,  that  cicatricial 
pterygium  occurs  in  consequence  of  acute  conjunctival  blennor- 
rhcea  or  of  phlyctenular  keratitis.  When  it  d*>es  occur  it  differs 
from  the  typical,  slowly  deveIoj)ing  form,  by  being  more  frequently 
directed  upward  than  toward  the  inner  canthus. 

Pterygium  generally  causes  no  inconvenience.  It  is  only  verj* 
seldom  that  it  attains  such  a  development  as  to  interfere  with 
vision,  or  to  cause  diplopia  by  limiting  tlie  movement  of  the  eye. 
For  this  reason  the  indication  for  an  o|>eration  seldom  exists. 
Moreover,  the  jmtients  generally  af1'ecte<l  by  pterygium  are  of  a 
"^doae  very  indifferent  to  the  cosmetic  effects  of  an  operation. 

If  the  pupillary  region  of  the  cornea  be  covered  by  the  ptery- 
gium, the  o{>eration  of  iridectomy  affords  a  gcmd  prospect  for 
improving  vision. 

If  the  removal  of  the  pterygium  be  indicated,  it  may,  Hcconllng 
to  Arlta*  method,  be  performed  by  making  a  rhomboidal  incisioD. 


'  Augcnhcilk.,  B.  i.  pag.  168. 
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to  l>e  gras|>ed  »h< 


the  margin  of  the 
with  the  to<>the<l  fbrce|>8 ;  its  |ioint  is  then  to  be  dit«secte*i 
tlie  catitrac't  knifo  as  oleauly  as  possible  from  the  coniea.  Tlie 
pterygium  13  then  loosened  from  tt»e  solera  by  the  9cifsoi>  along 
the  line  of  its  eclj^eu  to  a  distance  of  from  2  t(»  4  mm.  beyon<l  the 
corneal  margin,  and  disseotiHl  uj>  as  closely  to  the  sclera  as  |Ki?si- 
ble.  The  two  diverging  ineinioiis  along  the  edges  are  then  united 
by  two  converging  ones,  thuti  giving  to  the  exposed  surfat-o  tl>e 
shape  of  a  rhombuid,  with  one  ncnte  angle  dire(?le<l  toward  the 
middle  of  tlie  cornea  and  the  other  toward  the  equator  of  the  eye. 

If  the  pterygium  I>e  large,  and  especially  if  of  the  oicatririal 
variety,  the  optiration  by  tnuLspUuilation  is  to  be  recommended, 
since  where  there  la  already  loss  of  substance  it  is  not  advisable 
to  increase  it  by  further  incisions.  The  method  is  a»  follows.  The 
pttint  of  the  pterygium  is  dissected  up  from  ti»e  cornea  and  from 
the  anterior  (mrt  of  the  sclera,  so  that  the  jiterygium  can  be  ])ushed 
back  to  the  fornix  conjunctiva'.  The  nmjnnctiva,  above  and  lielow 
the  wouml  thus  made,  is  then  loosened  from  the  sclera  so  that  the 
two  lips  can  be  slid  together  across  the  ex|K>se<l  sclera  and  fastened 
together  in  that  position  by  sutures. 

Pinguecula  is  the  name  given  to  a  small  yellow  elevation,  having 
itd  seal  in  the  conjunctiva  and  sul>oonjunctival  tissue,  near  the 
mai^in  of  the  cornea,. sometimes  on  the  tempoml  and  sometimes 
on  the  median  side.     It  causes  no  annoyances. 

Tumors,  generally  speaking,  do  not  often  develop  upon  the  con- 
junctiva. Among  the  growths  which  occur  m>on  thecruijunctiva 
itself  are  fiivt  to  be  mentioned  certain  proliferations  of  the  ecm- 
nective  tissue,  wliich  are  geuerally  situated  at  the  inner  angle  of 
the  eye,  near  the  lachrymal  caruncle,  or  even  on  it.  They  are 
round,  varying  from  the  size  of  a  small  ]>ea  to  that  of  a  hazel-nut, 
often  easily  inclined  to  bleed,  and  generally  attaeiied  to  the  con- 
junctiva by  a  thin  |K>dicle.  They  may  be  easily  removed  and 
subhetjuently  cauteriKeil,  if  necessary.  In  excejXional  cases  these 
growths  show  a  tendency  to  return.*  Similar  connective-tissue 
growths,  which  occur  in  the  conjunctival  wound  made  during  the 
operation  for  squint,  have  already  been  mentioned  on  page  176. 


•Arit,  KrankhoiU-n  des  Auji?e*,  B.  i.  pug.  ItWj  A.   v.  GiHefe,  Arch,  f, 
Ophth.,  B.  i.  1,  1^*;.  298. 
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More  frequently  tumors  develop  u|K>n  the  margin  of  flie  con- 
junctiva, anil  spread  from  thence  upon  the  general  oonjunctival 
surfact',  for  iiistunei^^  epithelioma,  from  the  margin  of  the  \'h\» 
(conip.  pajje  227),  or  the  melanoma,  tlie  raelanosarcoma,  and  the 
(lermnid  tiimon*,  whitOi  genemlly  orij^inate  on  the  eorneo-scleral 
boiin(hiry,  and  which  will  be  nientioneil  amung  the  disea.seft  of  ihe 
cornea. 


PHLYCrENULAR  CONJUNCTIVITIS. 

A  very  sharply  defined  group  of  eoiijuDetival  inflammations  is 
eharactenze<l  by  the  fat't  tli:it  the  intiammator)*  prtwess  loealixes 
itself  upon  the  conjimctiva  sclene. 

There  genemlly  appears  ck>se  to  the  corneal  margin  a  circum- 
scribe<l  papular  sweJlinc,  which  is  commonly  called  a  phlyctenule. 
It  forms  the  point  toward  which  convert'  a  number  of  conjunc- 
tival and  sulH'onjniictivai  vtwseU,  which  am  frequently  be  tracetl 
back  nearly  to  the  fornix. 

As  a  rule,  the  phlyctenules  appear  first  as  (Kipnles,  liaving  a 
diameter  of  from  I  to  2  mm.,  with  turbid  contents.  After  a  short 
time  tliey  burst,  and  leave  a  shallow  la?s  of  substance.  Fre- 
quently several  such  phly<'teuules  appear  simultaneously  up<m  the 
margin  of  the  cornea.  In  many  cases  the  eruption  of  this*  in- 
flammation isaccum|>unied  by  an  acute  swelling  of  the  eonjunctiva 
pal|>ebrarum,  with  miico-pnrulent  swretion.  Tht-s  inflanimatinn 
may  be  so  severe  a.«  to  form  the  most  prominent  symptom  of  the 
disease,  and  the  first  to  demand  treatment. 

Occasionally  in  the  wurse  of  a  simple  conjunctivitis  there 
occur  a  cirt;umscril>e<i  redness  and  swelling  of  the  eonjum^iva 
Bdcne,  of  the  size  of  a  pin-haid,  and  situate*!  u<tt  exactly  at  the 
corneal  marjcin,but  lUa  little  distance  from  it.  Strictly  spenking, 
this  docs  not  belong  to  the  ix>njunctivitis  phlyctvenuUtsa  here 
described. 

Another  form,  the  broud  plilyctcnular  conjunctivitijft  occurs  in 
the  form  of  flat  infihr:itir>ii.«,  t^  to  1  mm.  in  breadth,  crowded 
closely  about  the  cornea,  and  likely  to  uuise  purulent  infiltration 
in  it. 

liHstly,  the  small  phlyctenules,  whirli  mtnir  iii  the  form  of 
numerous  small  papules  u|M)n  the  limbus  ci^njuiictivfe  corner, 
may  Just  as  projwrly  be  ca]lc<l  marginal  keratitis. 


PHLYCTENULAR  CONJUNCTIVrnB, 

In  many  «ises  the  pnxiess  d(*es  not  go  on  to  tlie  development  of 
actual  phlyctenules,  but  is  limited  to  a  phlyrtennlar  injection  at 
tliu  margin  of  the  wirnea. 

The  subjective  symptoms  of  |>hlyctenular  conjunctivitis  are 
mild,  so  long  as  the  inflanimntion  is  limited  to  the  crmjiinctiva 
>M.'lerie,  but  so  soon  as  it  invailes  the  cornea  there  occur  thiise 
violent  irritative  symptoms  so  chamcteristic  of  keratitis. 

In  simple  caso«  of  this  kind  the  causes  are  the  same  an  in  other 
forms  of  conjunctivitis.  Ueourring  phlyt'tenular  conjunctivitis 
generally  exists  in  connectioD  with  scrofula,  and  is  frequently 
coniplicalctl  with  keratitis. 

The  treatment  must,  in  the  first  place,  l)0  directetl  toward  al- 
laying the  existing  irritation.  If  the  intiamraation  l>c  acute,  an 
jintiphloi^iMtit;  an<l  mildly  derivative  trcJitmcnt  is  to  l>e  cmpinved. 
Cold  dressings  of  fresh  water  or  of  lead-water,  and,  if  necensarj', 
mihl  cathartics,  are  generally  sufficient.  If  in  conser|uenoe  of 
c<n*neal  irritation  there  be  excessive  lachr>-mation,  photophobia, 
etc.,  atropine  mydriasis  is  to  i)e  established  and  maintained. 

After  the  irritation  lias  l>een  allayetl,  the  morcnrial  jireparations 
are  most  relied  on  in  the  local  treatment.  The  yellow  oxide,  1  to 
1.5  jier  cent.,  in  the  form  of  salve,  is  most  fretjucntly  employed; 
it  is  to  l>e  j>lacc»I  in  tlit.'  e^pitjuuctival  sat^  once  or  twini  daily.  If, 
OS  rarely  happens,  it  be  not  well  borne,  lukewarm  dro]>s  of  a  weak 
solution  of  corrosive  sublimate  should  next  be  tried: 


R   Ilv'lrjirg.  clilnrid.  corro-viv.,       O.Ofi  ^about  ffr.  i; 
AqiiM',  *200.0t»=      "      s  vi. 

In  mild  cases.  In  which  it  is  wisheil  to  continue  the  treatment  a 
long  time,  in  ortler  to  guard  against  relafises  or  to  remove  all 
traces  ol'  the  (liseasCt  calomel  is  a.  very  useful  remedy.  It  is  used 
iu  the  form  of  a  very  fine  [wwder,  and  is  dusted  into  the  eye  with 
a  dry  earnel-hair  brush. 

Relapsing  |iliIyfH'iinlar  conjunctivitis  de|»ending  upon  scrofula 
demands  the  appropriate  general  treatment. 


DISEASES  OF  THE  CORNEA. 


The  recogiiitinn  of  corne«I  diseases,  as  well  as  ut'  all  |Kithu- 
logieul  products  in  the  nnterior  ehamlwr,  the  iris,  or  tlie  pupillar\' 
legion,  is  greatly  (aeilitated  by  tlio  method  of  foeal  illumination, 
the  introduction  oi'  which  into  ophtlialmology  we  owe  to  Hehn- 
holtz.*  It  eonsists,  essentially,  in  eouc-entrating  the  flame  of  a 
lamp,  in  a  darkened  room,  by  means  of  a  convex  lens  of  nbont  2 
inches  fo<!al  distance,  njwn  the  jxiiiit  which  ih  the  special  object 
of  examination. 

This  [>oint  is  thus  intensely  illuminated,  and  all  tlie  more  dis- 
tinctly from  the  fact  that  the  surrounding  tissues  lie  in  the  shadow 
of  the  convex  lens. 

By  means  of  the  o*)nvex  lens  the  inverted  image  of  the  flame 
is  cast  u[xtn  the  cornea,  and  moved  gradually  over  ib*  entire  sur- 
face. Then,  by  liolding  the  lens  a  little  nearer  the  eye,  the  image 
of  the  flame  may  \ie  cjtst  upon  the  iris,  upon  the  anterior  capsule 
of  the  lens,  into  the  lens  itself,  and,  when  the  pupil  is  dilated, 
even  into  the  vitreous  IxkW. 

If  it  be  desired  at  the  same  time  to  magnify  the  objects  under 
olfcicrvation,  it  is  best  done  by  a  simple  binnciilar  lens,  such  a  one 
as,  liaving  an  oi>ening  of  2J  to  3  inches  and  provided  with  a  suit- 
able handle,  is  used  by  old  i»eople  as  a  reading  glass.  The  ultserver 
holds  the  glass  at  such  a  distance  as  allows  him  to  look  through  it 
with  both  eyes,  while  the  distance  to  the  object  examiiiwl  is  that 
at  which  it  is  most  magnified.  In  this  way  not  onlv  thi^  dimen- 
sions of  surface  but  tht>se  of  def>th  also  are  magnified,  and,  in  ex- 
amining corneal  diseases,  this  has  the  advantage  that  it  enables 
one  to  determine  whether  only  the  superfiriid  layers,  or  the  deeper 
ones  us  well,  are  affected. 

The  diseases  of  the  cornea,  like  those  of  the  conjunctiva,  can 
l)e  divided  only  into  certain  great  groups,  but  even  then  it  liy  no 


*  Apoh.  f.  Ophth.,  B.  i.  2,  i«i;.  44. 
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moans  follows  that  every  oaec  as  it  oocups  in  practit'c  mny  he 
referred  immediately  to  one  of  these  divisions. 

PHLYtTEyULAR   KERATITIS. 

This  Is  a  very  frequent  and  varied  fornj  of  disease.  It  is  ehar- 
acteri2e<l  by  the  appeamuee  upon  some  part  of  the  eornea  of  small, 
sharply  <lefinfd  centres  of  inflammation,  which,  when  they  firet 
api>ear,  are  elevated  above  the  genenil  f*urfut«  of  the  eornea  in  the 
form  of  Eitmull  gray  j>roniinences,  varviug  from  the  size  of  a  p'Jppy- 
seed  to  that  of  a  millet.  In  its  further  course  this  infiltration 
breaks  down,  leaviuj;  a-  loss  of  sul^t^tunee  wliose  various  fonim 
shall  be  described  later.  The  eruption,  and  frequently,  tf»o,  the 
further  course  of  phlyctenular  keratitis,  is  generally  accompanied 
by  severe  irritation. 

Either  tlir  entire  margin  of  the  cornea  or  tliat  part  near  the 
centre  of  inflamniatiou  is  surrounded  by  a  re<lness  due  to  the  in- 
jection of  the  thickly  cro\vde<l,  radiating,  episcleral  vessels.  The 
scleral  an<i  palpebral  (Hinjuncliva  partiei]>ate  more  or  less  in  the 
hypenemia.  It  is  ol\eu  intla[ue(.l  and  swollen,  and  yields  a  muco- 
purulent secretion. 

The  photophobia  which  is  cjiuncd  by  thin  process  is  in  children 
often  s<>  jjreiit  tbat  they  cannot  be  imiuwd  to  open  their  eye?i,  but 
seek  the  darkest  corner  of  the  room  and  bnry  their  faces  away 
fnim  the  light.  The  skin  is  drawn  into  a  fohl  at  the  outer  angle 
of  the  eye,  in  c<ms«iucnce  of  the  spasmodic  closure  of  the  lids, 
and  is  excoriated  by  being  constantly  wet  with  tears.  An  exam- 
ination under  these  circumstances  is  often  very  difficult;  a  volun- 
tary o|)ening  <»f  the  lids  «innot  l>e  obtained,  and  the  most  wireful 
eflbris  on  the  part  of  the  physician  to  open  them  excite  the  most 
violent  movements  of  the  head  and  of  the  entire  body.  In  these 
cases  it  is  the»*efore  necessary,  both  with  reference  to  the  prognosis 
and  treatment,  so  to  conduct  the  examination  that  it^  results  may 
be  certain.  It  is  Ix^t  to  lay  small  children  upon  the  Ijuck  on  the 
lap  of  the  nurse,  who  at  the  sjirne  time  holds  the  hands  while  the 
examiner  takes  the  head  of  the  child  t>etwcen  his  knees,  and  then 
carefully  separates  the  lids,  without,  however,  everting  them. 

The  cornea  genemlly  at  tirKt  rolls  upward,  but  generally,  loo, 
after  a  few  moment^,  turns  dowawani  again,  and  ber;onie-«  \Hsiye 
in  the  ]ml[>ebral  fissure.     If  the  cornea,  however,  remain  hidden 


PHLYCTENULAR    KERATITIS. 


293 


}ie  upi^r  lid,  tht 


l)e  rolled  df 


may  im  roiled  <iownward  wirli  the 
Bxatioii  foixrvi>!?.  The  exniniiiatiou  under  chloroform  narcosis  Jk 
tb<;  l>e!5t  nicthoti,  and  ver}-  .sliglit  narmsii-  anuwere  the  jnii-jtose. 

Tbe  excessive  bIe|iharospusm  wliioli  aeconi|mnies  ]>hlycteindar 
KGratititj  depends  pRibably  ujwn  a  direct  irritation  of  the  cnrnoal 
nerves.  Iwanoir*  found,  in  certain  of  these  ca.st«  of  keratitis,  an 
Kecum Illation  of  cells  Iwtweeu  the  epithelium  and  Bowman's  niem- 
branc;  the  epithelium  covering  the  phlyctenule  was  quite  normal, 
Biid  hut  slightly  raisetl ;  the  corneal  tissue  Ijelow  showed  no 
lehangtist,  and  in  certain  croiss  seetionB  the  communicntion  between 
the  phlyctenule  and  the  corneal  tissue  f-ould  be  dett!cte»l.  Within 
the  cormail  pubstance  the  cellular  inHltration  was  more  or  le?*s 
crowdetl  along  the  course  of  the  fine  nerves,  surrounding  them  as 
they  iienelraled  Bowman's  membrane,  and  then  collecting  in  little 
!liea|>s  beneath  the  elevated  epithelium. 

I  Aside  from  tlie  typical  phlyctenular  corneal  infiltration,  there 
fire  still  to  l)e  mentioited,  as  sjteeial  forms  of  this  disease,  the 
^marginal  keratitis,  and  the  so-ealled  fascicular  keratitis. 

The  phlyctenular  marginal  keratitis  Iwgins  with  a  jiarlial  or 
total  hy}ieraeDiia  of  the  limlms  (Hinjunctiva*  oomcffi ;  it  appears 
thiekened  and  covered  by  a  row  of  closely  crowded  little  promi- 
nencii-.  The  [U'twess  may  gn  no  farther,  or,  if  it  la>it  some  time, 
may  invade  the  surface  of  the  cornea  proper.  The  neighboring 
'biargiual  part  of  the  cornea  npi>ears,  then,  diifurtely  cloutlnl,  nn- 
leven,  and  often  strewe<!  with  numerous  smal I  phlyctenules.  Later, 
Jne  blood-vessels  run  across  the  limbus  ooujuuetivte  curnetc. 

The  faseiculai*  keratitis  geneniJly  develojw  from  a  phlyctenular 
marginal  infiltmtion,  which  gradually  advances  toward  the  centre 
jbf  the  cornea,  the  thickly  crowded  bltKxI- vessels  following  it  in  a 
riblxm-like  strijx'.  At  first  this  infiltration  advances  quite  regu- 
larly, by  lines  radiating  toward  the  centre  of  the  cornea^  but  after 
having  passed  the  centre  it  often  bends  about  like  a  horseshoe. 
Finally  the  process  ceases,  leaving  behind  a  ribbon-shajied  eicu- 
Itncinl  stripe. 

I  More  rarely  it  hap|)ene  that,  instead  of  an  infiltration,  a  moder- 
'ately  deep  ulcer,  \v\tU  a  purulent  surface  and  followed  by  a  broad 
^bundle  of  vessels,  creeps  from  the  margin  of  the  cornea  toward 


*  Klin.  Uonnubl.  f.  .\ugcnbcilk.,  1809,  pag.  462. 
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its  centre.     The  ni»a4'itiefi   reniainiug  after  this  process  are  sUil 
g  renter. 

Phlyetenular  keratitis  stAniU  in  very  close  etiological  relation 
with  scrofula.  CorneJit  diseases  In  genera],  but  this  one  in  partic- 
ular, are  not  only  much  tiiorc  f're<|Uent  in  B('i*ofnloUrt  ImlivitUmU, 
but  are  nWi  more  obstiuate  and  (langi'rou.s  than  in  liealthy  consli- 

tUttOtlii. 

Not  only  do  the  reflex  syniptotfis,  photophobia,  etc.,  occur  iu 
scrofulous  children  in  their  most  intense  form  and  aecom|>unying 
very  slight  objective  changes,  but  the  course  of  the  disease  is, 
under  theses  eircunistanc^es,  slower  and  more  obstinate,  more  severe 
forms  occur,  and  rela|ises  are  more  frequent. 

The  recurring  inflammations,  moreover,  do  not  always  have 
their  seat  in  thn  hitherto  int^iot  portions  of  the  cornea.  Frequently 
new  inrtammation,  softening,  intiltration,  and  vascularizjition  occur 
in  old  Hears  which  have  remained  from  former  inflammations. 

In  many  ojixes  tlie  cornea  becomes  very  vascular.  Its  whole 
surface  is  thus  covered  with  u  net-work ;  it  appears  uneven  in 
consequence  of  loss  oi  epithelium,  and  looks  as  if  stipplwl.  In 
the  dirtuscly  chjuded  corneal  substaiK*  can  l)e  seen  a  nunil)er  of 
Hmall  dakcs,  wliich  are  partly  scar  tissue  and  [mrtly  fresh  infil- 
tration. 

This  condition  of  cloudiness  and  vascularization  of  the  cornea, 
wliich  occurs  in  just  the  same  way  as  with  trachoma,  is  calleil 
panuu!?.  Formerly,  according  to  the  degree  of  the  ojKicily  a  dis- 
tinrtion  was  made  between  a  pannus  crassus  sive  carnoeus  and  a 
pannus  tenuis;  but  this  distinction  rests  only  on  a  quantitative 
tlitlcrcncc,  and  during  the  course  of  the  disease  the  one  form  may 
jiass  into  the  other.  More  inqKirtant,  l)ecausc  resting  on  etiologicid 
ground?s,  U  the  <listinction  between  painius  trachomatosus  and 
pannus  plilyctienulosus,  but  in  this  connection  it  is  to  be  mentioned 
that  superficial,  pannous  keratitis  may  develop  without  any  pre- 
ceding keratitis  phlyctienulosa,  and  indejK'udent  of  conjunctival 
disease. 

The  course  varies  greatly.  In  favorable  cases  the  corneal 
phlyctenule  breaks  down,  leaving  a  small  suixriicial  loss  of  snb- 
s^tancc,  which  is  replaced  by  new  tissue.  Tfie  traces  of  the  disea>*e 
can  then  generally  be  detwrted  only  by  foail  illumination.  In 
other  cases  the  lass  of  sul)stHnce  is  somewhat  greater,  its  margins 
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flatten  down,  the  ulcer  becumeB  clean  and  smooth,  und  is  finally 
cnvere<l  with  new  epithelium;  in  these  cases,  too,  a  slight  clouding 
of  the  tissues  is  to  lie  oljseive*!  only  by  fowil  illumination.     These 

-culled  corneal  facets  rejiresent  a  peculiar  reparative  process, 
vhich  may  occur  in  the  same  way  in  other  corneal  diseases. 

Finally,  it  may  happen  that  the  loss  of  sul>stamt'  itssumes  the 
character  of  a  corneal  ulcer.  There  frequently  follows,  then,  a 
vascularization  (»f  the  uli'*r  from  ifie  murgiii  of  tlic  cornea,  which 
facilitates  its  healing,  but  which  generally  disappears  very  slowly 
after  cicatrization. 

A  rather  rare  but  very  dangerous  complication  of  the  superficial 
phlyctenular  process  is  the  dcvel(»pnicnt  uf  a  gray  or  gray-yellow 
infiltratit>n,  which  appears  first  in  the  deep  layers  of  the  cornea, 
and  whicli  shows  a  decided  t<ii<lencv  to  go  on  to  suppumtion, 
formation  of  hypopion,  and  ulceration  of  the  cornea.  The  c<Midi- 
timi  in  fact  is  that  of  a  complication  by  hypupion-keratitis,  gen- 
erally with  great  irritation. 

Quite  as  rare  is  another  form  of  infiltration,  not  inclined  to 
sup]>umtion,  but  involving  a  considerable  extent  und  depth  of 
tlie  corneal  tissue,  and  resembling  kenitilis  |)arenchymatosa,  but 
differing  from  it  by  running  a  decidedly  more  rapid  counse. 

With  nnfavoi*ablc  hygienic  surroundings,  or  in  sorrifidous  in- 
dividuals, phlyctenular  keratitis  may  persist  with  the  greatest 
olistinacy,  and  may  re<'nr  ho  often  as  greatly  to  endanger  vision 
by  the  opacities  which  it  leaves  behind. 

Trcdtvwni. — (3n  account  of  the  close  connection  between  scrofida 
ami  phlyctenular  keratitis,  constitutional  treatment  is  in  many  of 
these  cases  very  essential.  l'rc| Mirations  of  iron,  salt-baths,  etc., 
arc  frequently  employed.  But  aside  from  the  fact  that  cironm- 
stances  generally  make  it  im])ossible  to  regulate  the  hygienic  sur- 
rotindings,  the  results  to  l>e  ex[)ected  fron»  anti-siTofnlous  treatment 
are  so  tardy  tluit  tliey  cannot  be  relied  on  to  avert  the  i>resKing 
danger  always  threateueil  by  diseases  of  the  cornea.  The  most 
reliance  must  be  placed  upnn  the  local  treatment.  The  first  indi- 
cation is  to  allay  the  irritability.  This  is  generally  best  done  at 
first  by  cohl-water  or  lead-water  firessings  and  atropine.  The 
atropine  must  from  the  first  Ijc  so  employed  that  a  sufficient  my- 
driasis is  causetl  and  maintainetl,  a  thing  ilillii'ult  to  do  on  account 
of  the  irritability.     Frequently  the  action  of  the  atropine  proves 
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insufficient  and  very  tmiisitory.  In  the  later  stAges  of  the  dis- 
ease, where  the  irritability  lias  lasted  a  lonji  time,  lukewann 
applications  arc  In'tter  thiin  rold.  When  the  irritability  is  leesened, 
the  local  use  of  mercurials  la  indicated  just  as  in  phlyct^^nular 
eonjunctivitits.  The  principal  remedies  used  are  the  yellow  oxide 
of  mercury,  1  or  2  per  cent.,  iu  sailvc  form,  and  calomel,  which  is 
dusted  into  the  eye  as  a  fine  powder.  If  these  remedies  do  not 
prove  useful,  pencilling  with  a  1  or  2  per  cent,  solution  of  nitmte 
of  silver  often  causes  rapid  improvement.  This  treatment  is  par- 
ticularly indicated  in  those  cases  in  which  the  diiM^ase  has  lasted 
a  hinii  time,  ami  hypeni'inia  and  swelling  of  the  conjunctiva 
have  developed.  Under  such  circumstances  mercurials  generally 
prove  more  or  less  ine.flicacious,  while  the  best  results  arc  obtained 
by  the  local  treatment  of  the  conjunctiva,  particularly  in  the 
8U|x*ri(ir  fornix. 

Mercurials  are  also  not  genemlly  well  Iwrne  when  the  disease 
is  complicated  by  the  above  described  purulent  inflamnnuion  of 
the  <lcc]>cr  layers,  and  still  on  account  of  the  ffaup;en.uis  nature  of 
this  fompli«ition  some  pi*omptly  actinp;  treatment  is  nccessarj'. 
It  seems  Iwst  in  these  cases  to  use  atropine  liberally,  and  warm 
fomentations,  alternating  with  a  pre.«snre-handage.  If  this  do 
not  prove  suiTicient,  chhtrino  water  or  a  1  per  cent,  solution  of  the 
muriate  of  quinia  may  1m<  ilrof>ped  info  the  eye  three  or  four  times 
during  the  day. 

The  deep  infiltration  resembling  keratitis  parenchymatosa  gener- 
ally disapiiears  rapidly  under  the  use  of  atropine  and  the  pressure- 
bandage. 

The  treatment  above  described  is  also  suitable  for  pannus  phlyo- 
tjBnulosus.  The  improvement  of  the  general  healtli  is  often  very 
important.  The  fresh  country  air  often  exercises  a  surprisingly 
gooil  influence.  Among  the  local  remedies  ai*e  calomel,  re<l  precipi- 
tate salve,  and  lukewarm  washes  of  cijn-osive  sublimate  (solution, 
1  part  to  ;30ilO  or  4000).  Swelling  of  the  conjunctiva,  especially  at 
the  fornix,  demands  generally  the  use  of  nitrate  of  silver.  Chlorine 
water  may  also  often  be  used  to  ail  vantage.  Under  this  treiitment 
the  vascularization  may  diwippear  entirely,  and  the  cornea  again 
bewmie  so  clear  that  by  ordinary  daylight  no  abnormity  can  be 
seen  in  it.  But  nevertheless  tliere  remains  over  the  whole  surface 
a  delicate  clouding,  visible  by  focal  illumination. 


PAREKCHTMAT0TT9  KERATITIS. 


For  very  obstinftte  cases  of  pnnnus  the  operition  of  pcriotomy 
or  syntlectoniy  is  reoommomled.  It  consists  iii'thp  rt'ninva!  of  a 
circular  strip,  3  to  5  mm.  wUo,  from  about  the  cornea.  In  the 
coiiree  of  a  few  months  the  cornea  becomes  siirroun<le(l  by  a  ring 
of  tloiiseoH'alrHniil  tissue,  whu-h  cnlsofTtlie  bloocl-supply  from  the 
ves^eU  ramifying  on  it. 

Obstinate  and  relapsing  cases  are  frequently  checked  by  a  deriv- 
ative treatment.  The  practice  so  often  resorted  to  by  the  English 
ophthabnologists,  of  inserting  in  the  temple  a  small  scton  consist- 
ing of  4  or  5  cotton  threads,  is  a  good  one. 

PARENCHYMATOUS   KERATITIS. 

Keratitis  profunda,  interstitialis,  or  i>arenehyraatosa,  is  a  very 
well  defined  form  of  disease  which  in  the  niaj'>nty  of  eases  is 
bilateral.  As  a  rule,  both  eyes  are  not  attacked  at  the  same  time, 
but  firet  one  and  then,  after  an  interval  of  some  weeks  or  months, 
the  other.  There  is  often,  therefore,  the  opportunity  to  oljserve  the 
development  of  the  disease  in  tbe  second  eye.  After  an  incrca-sed 
irritability  has  been  oljserved  for  some  time  in  the  eye,  a  brifjht- 
red  inje<rtioa  of  the  episcleral  vessels  api)ears  in  tlie  ueighborhood 
of  the  ciliary  body;  this  gradually  approaches  the  margin  of  the 
cornea,  and  there  attains  its  greatctjt  intensity,  Simultaneoii-^ly 
npj)ears  a  c)ou<ling  of  the  corneal  substance,  which  begins  either 
in  the  (vntre  of  tlie  coniea,  and  from  there  spreads  out  in  the  course 
of  a  few  days  or  weeks  towaixl  tlie  periphery,  where  it  ofteu  leaves 
a  small  marginal  jwirt  of  the  cornea  free,  or  beginning  at  any  point 
of  the  margin,  it  spreads  from  there  over  the  entire  cornea. 

At  first  tlie  cornea  appears  semi-transparent,  somewhat  like 
ground  glass.  Later,  bright  gray  or  gray-yellow  indistinctly 
defined  s|Httfi  appear,  mostly  near  the  centre  of  the  cornea,  often 
uniting  together  to  form  an  annular  figure.  These  opacities  lie 
in  the  deep  layers  of  the  cornea,  while  the  surface,  when  examined 
through  a  convex  Icils  and  by  ffx^d  illumination,  appears  uneven. 

At  first  there  is  no  vascularization  of  ilio  ctunea,  and  as  a  gen- 
eral tiling  mild  cases  of  keratitis  profunda  run  their  course  with- 
out the  developnjent  of  blot^l- vessels  in  the  cornea.  Frequently 
a  fine  vasi!ular  net  with  large  tueshcs  appears  tijmn  the  surface  of 
the  cornea,  just  as  in  other  forms  of  hcratitis.  There  is,  however, 
a  certain  kind  of  vascularization  which  ts  especially  churacteristio 
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of  this  form.  Tlic  entire  margin  of  the  cornea  is  enrroac 
upon  by  closely  crowde*!,  short  vessels  iitdiuting  toward  tlie  ccntlt 
Without  advancing  any  farther  they  »»ay  remain  a  long  time 
flttttionar)'.  Rnt  in  the  worst  cases  these  vessels  creep  steadily 
on  toward  the  centre  of  the  cornea.  The  ojjacity  of  the  cornea 
becomes  so  gre^it  that  it  assumes  n  i1irty-rc<l  Hesh  color,  while  its 
middle,  so  long  as  it  is  not  vascularized,  is  by  its  bright  gray  color 
sharply  <k'finod  from  the  surrounding  vascularized  part. 

firiulujilly  the  vesselfs  reach  the  miLldle  of  the  ctirneal  surface, 
and  not  till  then  does  the  retrogressive  process  l:)egin  in  the  vas- 
culariwition.  By  this  process  the  tvtrnea  iMxomcs  clearer.  This 
aflection  d<x^  not  cause  ulcerations  of  the  cornea. 

Even  in  a  few  weeks  after  the  apiMiarance  of  the  disease  the 
coriK-a  may  hettmic  so  ojKique  that  the  condition  of  the  iris  can- 
not be  accurately  observed.  Generally  when  the  cornea  clears  up 
again,  the  iris  is  found  unchange<l  and  acting  normally,  but  some- 
times thv  existence  of  adiieiiionH  shows  that  there  has  been  iritis. 

The  subjective  symptoms  varj*  in  intensity.  In  milil  eases,  in 
wliich  there  is  no  vujfculariziition  of  the  cornea,  and  where  the 
development  of  vessels  about  its  margin  is  only  slight,  the  patients 
generally  complain  only  of  in<listinctness  of  vision  and  an  iuclina- 
tion  of  the  eyes  to  rwlness  and  weeping.  Where  there  is  greater 
opacity  and  vascularization  there  is  more  irritability,  photophobia, 
lachrymation,  pain,  etc. 

Tlic  course  of  the  disease  is  always  slow,  extending  over  several 
montlis.  As  a  rule,  vision,  after  recovery,  is  more  or  less  injured 
accor<ling  to  the  severity  of  the  case.  There  remain  ditl'use  or 
punctated  opacities,  fretjueutly  to  be  seen  only  by  focal  illumina- 
tion. Still,  the  final  result  is  generally  more  favomble  than  one 
would  expect  from  the  appearance  of  the  disease  at  its  height. 

The  causes  are  frequently  of  a  constitutional  miturc ;  at  least 
the  circumstance  that  it  generally  affects  both  eyes  would  so  indi- 
("ate.  It  o<'curs  most  fivquently  in  children  and  young  ]>crsons 
whose  health  and  general  nutrition  are  bad ;  but  quite  healthy  jier- 
Bons  with  good  hygienic  surroundings  arc  sometimes  attacked. 
Hutchinson's*  view,  that  this  form  of  keratitis  is  to  be  i*egarded 
as  tlie  direct  consequence  of  congenital  syphilis,  has  not  been 
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generally  acwpted  in  Germany.  The  <lisea9e  nndoubtedly  occurs 
in  iiMlividiials  al>s<.>lutely  ("i*ee  iVoru  sypliiliis. 

Hutoliinsnn  refers  to  a  certain  ahnornial  development  of  the 
ti-cth  as  nearly  coi):itaiitIy  as'^oeiated  with  the  disease^  but  tlii^,  too, 
is  aWnt  In  many  cast-s.  The  iKKuliarity  of  this  abnormity  is  that 
the  middle  of  (he  cutting  edge  of  the  inelsors,  whieh  ^should  be 
the  most  prominent  part,  crumbles  down  and  assumes,  especially 
in  the  two  npix^r  front  teeth,  a  roncave  form. 

Kemtitis  parcnchymatosa  in  mo-^t  frequent  from  the  sixth  to 
the  twentieth  year.  After  that  it  is  rarer,  ami  its  course,  when  It 
occurs,  is  mihler. 

Ill  making  tlie  prognosis,  we  have  to  eonsidcr  the  length  of  the 
proeess  and  the  remaining  opacities.  These  last  are  generally  ho 
much  the  Renter  the  higher  (he  inflammation  and  the  uiore  e.x- 
teusive  the  vascnilarization  of  the  t^rnea  has  been. 

The  treatment  of  this  form  of  keratitis  cannot  be  n  very  active 
one.  Improvement  of  tito  hygienic  surroundings,  attention  to 
constitutional  disturbances,  protection  M'  tht'  eyes 'from  injurious 
iuflucnccs  of  all  kinds,  and  patience  on  tlie  part  of  the  pliynieiun 
and  patient,  are  the  principal  points  in  the  therapeutic  pro- 
gramme. Iodide  of  potassium  and  pi'0])amtions  of  iron  are  gen- 
erally to  be  re<-omniendeil.  The  l^nail  treatment  should  be  such 
as  to  diniiuish  as  much  as  possible  the  irritability,  ^or  this  pur- 
pose warm  fomentations  and  atropine  are  best.  All  irritants  arc 
to  Ije  avoided.  Hasiier'  recommends  tlie  imracenlesis  of  the  cor- 
nea for  alt  ca>-es  which  are  free  from  complications,  and  in  which 
the  cornea,  nitliough  considerably  clouded,  is  but  tittle  or  not  at 
all  vascularized,  wliile  the  hyperaemia  of  the  sclera  aiul  the  ciliary 
neuralgia  are  but  slight.  It  is  especially  in  recent  eases  of  this 
kind,  in  which  the  alTeetion  has  laste<l  but  a  few  weeks,  tliat 
favorable  reauUs  have  been  observed  lo  follow  paraccntCHis. 

Keratitis  punctata  is  a  quite  rare  uUVKtiion,  and  one  aKmys  com- 
plicated with  iritis;  it  ought  not,  however,  for  that  reason  to  be 
confounded  with  certain  cases  of  iritis,  widoh  are  cliaracterized  by 
a  precipitate  ajwo  the  membrane  of  De.scemet.  With  inflamma- 
tory symptoms,  and  the  corresponding  irritability,  there  develop 
in  tlie  parenchyma  of  the  cornea,  isi>latetl,  circumscribed,  white 
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specks  about  the  sixc  of  a  liom|>^(MK],  and  ^rroundcd  by  a  difFuse 
cloudii»j^.  After  a  few  days  llie  adhesion  of  the  margin  of  the 
pupil  with  tlie  capsulo  of  the  Inns,  shows  the  existence  of  iritis. 
Ab  the  prbcess  advances,  these  siwcks  multiply;  they  run  together 
at  places,  forming  irr^ular  lines,  the  diH'use  clouding  becomes 
denser,  and  the  adhesions  of  ilie  iris  more  numerous. 

The  disea.se  is  most  frecjuent  in  eJiildrcn  before  the  time  of 
puberty,  and  appears  frequently  to  Ije  of  a  syphilitic  nature.  It 
is  not  near  so  frequent  as  keratitis  profunda,  runs  a  \ess  typical 
course,  and  appears,  at  least  at  first,  to  be  more  amenable  to  treat- 
ment. Continued  and  extreme  mydriasis,  by  the  use  of  sulphate 
of  ntropia,  is  indicntt-d,  and  so  is  i<)<lide  of  potassium  in  cases 
which  are  suspected  to  be  caused  by  syphilis  or  wrofnla.  Some 
cases  which  I  liave  been  able  to  treat  from  the  first  in  this  man- 
ner, T  have  scon  heal,  leaving  only  small  peripheral  s|x>ts  in  the 
cornea  and  with  vision  unimpaired,  while,  ii'  the  dis(*ase  l»c  De- 
lected,— as  it  is  very  apt  to  be,  as  its  symptoms  are  at  first  not 
severe, — the  corneal  opacities  bt^imc  more  nuriiPi*ous  and  denser, 
and  interfere  greatly  with  vision,  while  sinuikaucuusly  the  danger 
from  the  persistence  of  the  iritis  is  very  great. 

Aside  from  atropine  and  the  continued  use  of  derivatives  and 
attention  to  existing  constitutiouul  anonialicfi,  the  question  of  iri- 
dectomy may  often  arise,  partly  for  optical  reasons,  partly  to  check 
the  progress  and  avoid  the  ruinous  consc<|uciiccs  of  chrouic  iritia. 


PURULENT    KERATITI8. 


A  purulent  process  in  the  cornea  may  occur  as  a  symptom  of 
very  dilTerent  diseases.  In  the  strictest  sense,  however,  by  pnm- 
leut  keratitis  arc  understood  those  cases  which  occur  as  an  inde- 
l^ndont  disease.  If  the  case  Ire  one  in  which  there  is  a  circura- 
Bcribetl  collection  of  pus  in  the  tissue  of  the  cornea,  it  is  generally 
called  a  corneal  abscess.*  Since  in  many  cases  of  purulent  kera- 
titis tlicrc  is  at  the  same  time  a  collection  of  pus  in  the  anterior 


•  A  pornfiil  al»ace«B  wus  EMienilly  dPAignnted  by  the  term  Onyx  or  XJti^uU 
by  the  uldrr  ophthalmoloi^icfll  wrilpr^.  Juiigken  discriminatitl  bciwc^n  ab- 
•cAMtux  cornCBp  and  onyx,  monning  by  thft  Utter  a  congrstinii  »l>«co««, — that  18, 
a  I'olleftiun  i>f  pus  in  tlio  tipsiu-  uf  the  cornea  »t  it*  lower  niiiri;iii,  furiuwl  bj 
the  sinking  of  tbo  pus  from  un  ab«ce»s,  ulcer,  or  wound  lu  the  upper  part  of 
the  cornea. 
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chamber^  Roscr*  has  pro[M»st*d  for  thi«  condition  tlie  veiy  suitable 
tiame  of  "hypnpign  keratitis." 

The  ix^giniuiig  of  this  afrection  is  always  near  the  centre  and  id 
the  deeper  layers  of  the  cornea.  At  that  place  tliere  appears  a 
round,  nir("um.scTilx'<I,  gray  opjK'ity,  in  wliich^  wlicn  cxarnine<l  with 
a.  magnifyinj;  lens  and  by  frwal  illinninution,  a  nnmhor  of  short 
\f^y  striae  may  be  detected.  They  may  bo  either  parallel  with 
one  anodier  or  radiutinu;.  The  siipcrfitiul  hiycri*  of  the  t*ornea 
are  at  the  same  time  diffusely  cloiidod,  and  tliere  arc  many  limail 
I    defetits  and  im^ularitics  in  the  epithelial  covering. 

■  The  infiltration  of  the  ileoper  layers  now  u.ssnnies  gmdnnlly  a 
I     yellowish  purnlent  color,  while  a  loss  of  auletauce  occurs  upon 
I     the  surface.     The  appeamnce  of  these  superficial  ulcers  is  verj' 
^^yaried.    Often  the  ulcer  is  no  larger  lliun  the  imrnlcut  intiltration, 
^^!k«s  the  ap|>earanceof  a  so-called  eornuul  fatvt,  with  a  smooth,  glis- 
tening floor,  clean  margins,  and  no  st4?f  p  walls,  exactly  as  if  a  piece 
had  l>een  slicetl  from  the  cornea  by  a  single  cut  with  a  t*harp  knife- 
It  is  very  easy  to  <«)nccive,  unilcr  these  circimistancc«,  that  by  the 
oollapse  of  an  abscess  the  anterior  surface  of  the  corneal  has  sunk 
in.     The  possibility  of  stich  a  prot^ess,  as  described  by  Arlt,,t  can- 

Inot  be  questioned,  but,  as  a  general  rnic,  this  change  of  form  seems 
to  be  due  to  a  superficial  disintegration  of  tissue. 
In  other  cases  the  superKcial  ulcer  attains  soon  a  greater  size 
than  the  purulent  infilrration  l>ehtnd  it;  its  margins  are  sometimes 
flat,  sometimes  steep,  and  are  often  quite  chvin,  that  is,  free  from 

■  any  purulent  inHltmtion ;  it  is  then  sometimes  not  easy  to  recognize 
I      the  full  extent  of  the  loss  of  sultstance. 

I         Fretpiently  there  is  some  punctated  purulent  infiltration  in  the 

I     corneal  snlistance  surrounding  the  nmrgin  of  the  ulcer. 

I         The  further  (wurse  and  the  entire  type  of  tlie  disease  depend 

■  essentially  upon  whether  the  deep  purulent  infiltration  or  the 
superficial  ulcer  becomes  more  extensive.  Casus  of  the  first  kind 
are  callefl  corneal  aixsoessos,  on  account  of  the  ciroums*!nl>e<l  accu- 
mulation of  pus  in  the  tissue  of  the  cornea.  Unless  recovery  is 
rapid,  the  enlargement  of  the  abscess  and  of  the  superficial  ulcer 
caa«cs  extensive  destruction  of  tissue. 

Other  eases  assume  a  dangerous  character^  less  from  the  puru- 


*  Arch.  f.  Ophth.,  B.iL  2,  pag.  151. 


t  Ibid.,  B.  ivi.  1. 
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lent  process  in  tlie  dt?c|>er  jKirb*  of  the  corncfl  than  from  the  puro- 
lent  infiUrntion  nf  tho  wlgi-**  of  the  iilotT.  The  flrM»r  of  the  ulcer 
].s  often  uUo  puruli'iitly  intihrnted,  anil  this  is  cs|Ki'ially  tnie  of 
small  ulcere;  or  it  may  be  quite  clean  and  smooth  ;  or  finally,  by 
the  holp  of  fiKsd  ilhiininatloti  iiml  a  inajijnifyinj;  lcn«,  it  may  be 
seen  to  be  grav  and  cloudi'd,  and  to  eontuin  nninen)iis  j^niv-white, 
punctated,  pumlent  infiltrations.  This  purulent  infdtration  of  the 
margin  of  the  ulcer  is  gtnei-ally  only  at  one  pirt  of  its  circum- 
ference, and  shows  itself  in  the  form  of  a  dirty,  yellowish-white 
line,  while  the  remaining  part  of  the  circumference  is  clean  and 
smooth,  and  therefore  more  dlffitiult  to  f:ec.  The  uUxT  spreads 
towiiiti  the  -side  of  the  iniiltrated  margin,  and  after  a  time  comes 
to  a  stand-still  at  this  point,  but  the  process  is  renewed  at  some 
other  portion  of  the  circumference,  and  the  tissue  in  its  neighbor- 
hood is  destroyed. 

Since  this  destructive  process  gradually  ereejjs  over  the  surface 
of  the  cornea,  Saraisch*  has  designated  this  form  of  disease  as 
ulcus  cornea.'  serpens.  These  nhtTH  fit-quently  appear  flatter  than 
they  really  are,  sintxi  the  thinned  floor  yields  to  llie  pressure  of 
the  aqueous  humor  and  is  pressed  forwartl.  Between  the  corneal 
abscess  and  the  ulcus  serpens  thei-e  are  many  iiiterniediale  forms. 

In  the  gR'at  majority  of  casus  of  purulent  kcnititl-s  pns  collects 
ID  the  anterior  chamber.  In  such  cases  iritis  generally  exists  at 
the  same  time;  but  cases  do  undoubtedly  occur  in  wfiich  Iiypopion 
exists,  wliilu  tfie  iris  still  reacts  promptly  under  atropine  and  there 
are  no  adhesions  with  the  capsule,  nor  any  other  traces  of  inflam- 
mation. 

The  belief  formerly  generally  acceptetl,  that  the  la  jiojMon  was 
due  to  a  participation  in  the  purulent  prowss  by  the  e]iithelium  of 
the  membrane  of  Descemct,  seems  no  longer  plausible,  since  we 
have  come  to  regard  the  pus-cells  as  identical  with  tlic  white  blood- 
oorpuficles.  The  process  of  a  dirwt  rnptun^  of  the  abscess  into 
the  anterior  chamber,  as  descrilKKl  by  A.  \\'el>er,t  I  have  never 
been  able  satisfactorily  to  observe.  But  one  ver)'  often  sees  a 
yellowish-white  thread  of  piLs,  of  gn-ater  or  less  thickness,  lying 
close  to  the  membraue  of  Descemet,  and  extending  from  the  ulcer 


*  Du  ulcus  cornen  seriicns,  Bonn,  1870. 
t  Arch.  f.  Ophtb.,  B.  viii.  1,  png.  822. 
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ilowii  to  the  lower  margin  of  the  cornea.  But  upon  exnniitiation 
with  fttcal  ilhimination,  it  Is  inipa-ssible  to  say  whether  it  lie^  be- 
fore or  behind  the  mriubnuie.  The  Htnicture  of  the  (le*'per  layers 
of  the  cornea  is  so  loose,  and  their  connection  with  the  ineml)rane 
of  Dcsceniet  is  so  slijjht,  that  the  wuwderliig  downward  of  the  pns- 
oells,  nssifited  by  gravity,  meets  witli  hut  litlie  ohstrtiotion.  But 
when  the  pus  has  once  reached  tlie  menibruiio  of  Desccmet,  it  can 
easily  pass  tlirongli  thi;  apcniiigs  of  thi;  liganientum  pwtinatum 
into  the  anterior  chamber.  It  is  iwssible  lliat  the  pus  may  settle 
in  this  manner,  but  the  question  is,  docs  it  actually  do  so?  Acs- 
cording  to  Horner's*  ol>sorvations,  lliis  prt>oess  takes  pla**  on  the 
poeteriop  surface  of  tlie  menihmne  of  Desccmet.  The  piis-cclls 
frora  the  corneal  ulcer  |>euetnitc  tlic  mcmbrano  of  Deseumefc, 
accumulate  upon  it^  posterior  surfai.%,  an<l  finally  sink  dowtiwai'd. 
Evidently  an  accumulation  of  pus  in  the  corneal  substance  could 
not  imme<1ititely  rise  and  disc^harge  itself  with  tlieujjuuous  hiiinor 
when  a  puncture  is  made  in  the  cornea  at  some  distance  from  it 
in  the  horizontal  dirc<:tion.  At  least  the  walls  of  tlie  channels 
through  which  it  had  sunk  would  remain  infiltrated  and  wuuUl 
show  a  distinct  cloudiness.  If  now,  after  piiraceutesis  of  the 
cornea,  nothing  remain  but  the  diflf'tise  rlnndiii^  of  the  anterior 
layers,  we  are  foi-oed  to  the  conclusion  that  tfie  a[>pearam*^  which 
seemed  to  be  in  the  corneal  snU^^tance,  re-ally  were  in  the  anterior 
chamlior.  Experiments  ujioii  the  eyes  of  guinea-pigs  and  rabbits 
have  furnished  resulta  which  confirm  this  view. 

Iritis  is  a  complication  whicli  gener:UIy  occurs  quite  early  and 
IBcldum  absent.     The  change  in  the  color  of  the  iris,  caused  by 

,  cannot  always  be  well  seen,  on  account  of  the  clouding  of  the 
cornea,  but  can  generally  be  detected,  at  least  at  tlie  margin  of 
I  pupil.     The  diagnosis  is  confirmed  by  the  posterior  wyntMihiie, 

Mob  are  made  to  appear  by  the  nrtion  of  atropine.  Often  there 
I'flR^flimiiltaneously,  es[»eclally  nt'nr  the  It^wcr  margin  nf  the  ]>upil, 
semi-transparent  flakes  floating  in  the  aqueous  humor^  which  pre- 
sent exactly  the  apjicjirance  of  coagulated  fibrin.  Frequently,  in 
consequence  of  the  purulent  iufiltratiou,  the  tissue  of  the  iris,  as 
ap)>ear8  in  the  operation  of  iridectomy,  is  exceedingly  weak  and 
brittle. 


*  Comp.  Uario  Biikowii,  lii&ugtirat-DiaBertation,  Zurich,  1871. 
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TJie  conjunctiva,  especially  on  the  sclera,  is  strongly  injected 
and  often  swollen.  ■  Puin,  laclirvuiation,  etc.,  are  sometimes  slight 
anil  sometiiuea  severe. 

The  causes  of  purulent  keratitis  are  in  the  majority  of  cases 
tninmutic.  It  is  <jfteu  caused  by  slight  contusions  and  wounds 
of  the  cornea  by  tittle  pieces  of  stone  or  other  splinters,  and  id 
country-pttople  most  frequently  by  wounds  from  the  beards  of 
gniin  durinjr  harvist.  Xegleet  is  often  the  reason  why  such 
sliglit  injuries  assume  so  dangerous  a  character;  still,  an  indi- 
vidual prixlis[>asition,  which  causes  such  inHi<!;nificaut  wounds  to 
run  so  uiifiivomble  a  course,  CA-innot  be  denied.  Generally,  the 
cases  are  in  poorly-nourishcnl,  hard-working  individuals. 

Colds  are  amsidcrwl  also  as  causing  purulent  keratitis.  In 
many  easts  no  det*_'nuiiiate  eauMC  (.tin  be  nseertuinwl. 

Among  the  nnn-traumatic  wises  should  be  mentioned  the  non- 
irritating  fiirru  of  corneal  infiltration  described  by  Von  Graefe.* 
It  occurs  in  children  under  eight  years  of  age,  and  presents  tlie 
pure  type  of  a  corneal  abscess  with  remarkably  slight  subjective 
hymptntns. 

The  course  is  very  tedious  and  without  any  tendency  to  spon- 
taneous healing.  Ixift  to  itsulf,  tlie  ulceration  spreads  over  the 
entire  curuea,  ending  generally  rather  late  in  perforation,  which 
is  followed  by  prola]>sc  of  the  iris,  development  of  staphyloma, 
etc.  The  already  existing  purulent  Iritis  favors  a  transition  into 
choroiditis  and  ultimate  atrophy  of  the  eye. 

TrealmerU, — Atropine,  lukewarm  fomentations,  and  the  press- 
ure-bandage are  generally  the  means  first  res'>rte<l  to,  and  in  mild 
e-ases  are  s-ufficienl.  In  the  iir^l  place  the  hyiKjpion  generally  dis- 
appears, and  gradually  also  the  purulent  infiltration  in  the  cornea. 
The  ul<Tr  l>ecomps  clean,  and  heals,  leaving  a  superficial  ojmcitv. 
If  the  clejiring-up  of  the  ulcer  be  delayetl,  a  drop  of  oliloriue  walcrf 
three  or  four  times  daily,  in  the  eye,  is  to  be  recommended.  I 
liave  also  seen  good  rosulis  I'ollow  the  use  of  a  1  or  2  per  cent. 
sulutiun  of  the  muriate  of  quinia.  Dilute  tincture  of  opium  is 
also  recommended  under  these  circumstances. 

If  there  be  great  irritability,  subcutaneous  injections  of  nior- 

*  Arch.  f.  Ophtb.,  B.  Ti.  2,  p»g.  136. 
t  Ibid.,  B.  X.  2,  pog.  204. 
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pliine  nre  to  he  made  in  tlie  tetnponil  or  Hiipraorbilal  region,  and 
in  every  case,  quiet  sleep  is  to  be  secured  by  morphine  or  cliloral, 
if  necessary. 

In  many  cases  un  improvement  occurs  at  first,  tiie  liypopion 
diminishes^  but  Botm   without  any  apparent  cause  the  purulent 

,  inHItmtion  logins  to  incnyi.se,  and  the  hypnpion  becomes  larger. 
If  these  relapjies  gradually  make  the  condition  worse;  if  in  spite 
of  siiitable  treatment  the  liyp()pif)n  incTcasc  and  the  ct^rnwil  ulcer 
spread,  the  rettson  generally  is  tliat  the  iritis,  which  io  very  apt 
to  assume  a  purulent  character,  has  gaineel  the  upper  hand.  Atro- 
pine is  then  insufficient  to  meet  the  case,  the  ]>rt^Kure-bandnge  ia 
no  lon^r  well  borne,  ami  all  irritants,  such  as  chloriue  water, 
tincture  of  opium,  etc.,  seem  to  Ik;  actually  hurtful.     The  discharge  S 

of  the  hypopion  by  puncture  of  the  cornea  is  often  resorteil  to  in 
tliese  i-aaes,  but  is  n(»t  always  KunicitMit.  Frcijuently  on  awount 
of  its  viscidity  the  hy|x)pi<in  cannot  escape  from  a  small  corneal 
wound,  but  even  if  entirely  discharged  through  a  larger  wound, 
it  often  goon  collecta  again,  since  the  corneal  suppuration  and  the 
iritis^  continue.     In  many  cases,  escape  from  this  dilemma  is  offered  , 

by  iridectomy,  as  propoaetl  by  Von  Graefe.*     The  wound  f(»r  this  I 

piir|Kise  is  best  made  with  a  small  cataract  knife,  in  the  peri])liery  ' 

of  the  upjKT  corneal  margin,  and  shoidd  be  large.    The  operation  ' 

promises  no  optical  advantages,  in  view  of  the  later  cicatrization  | 

of  the  ulcer,  since  on  account  of  the  severe  iritis  the  rolobonia  of  ! 

the  Iris  alwaytj  closes  again.     Iridectomy  is  often  of  decide*l  use,  j 

and  checks  malignant  cases  which  would  yield  to  no  other  treat-  | 

meut.  Its  etVoct  is  unccrtuin  when  it  is  resorted  to  at  too  late  a 
period  of  the  disease,  after  more  than  half  the  cornea  is  dtstroycd. 
Frequently,  too,  iridciitomy  cannot  well  l>e  pcrformo<l,  because  the 
irw  is  so  rotten  that  it  crumbles  when  grasped  with  the  forcei>s. 

I  The  artificial  opening  of  the  corneal  aliscess  is  not  absolutely 
reliable.  Authorities  Imve  been  much  divide<l  as  to  the  results 
of  this  practice.  Maekenzief  asserts  emphatically  that  he  has 
always  seen  it  followed  by  extensive  destruction  of  the  cornea, 
with  siibscfjuent  partial  or  total  staphyloma;  while  other  authors 
regurd  the  incision  of  the  anterior  abiM^ess  wall,  or  even  the  entire 

•  Arcb.  r.  pphth.,  B.  ii.,  pug.  241  ;  B.  vi.  S,  pug.  1S9;  B.  x.  2,  pag.  205. 
f  Practic&l  Treatise,  etc.,  London,  18M,  p«g.  627. 
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thickness  of  the  comea  throughout  the  whole  extent  of  the  ahacess, 
as  advisable. 

In  ulcu8  oornexe  serpens, also,  Samisch  recommends  the  splitting 
afi  early  an  possible  of  tlic  floor  of  the  ulcer  over  itfi  whole  breadth, 
and  even  the  extending  of  the  incision  beyond  the  niai^ins  int43 
the  wmnd  lIsstK*  on  U>th  sides.  Until  the  bopinning  of  eicatri- 
»ition  the  wonnil  should  l>e  kept  open  by  probing  once  or  twice 
daily  with  a  blunt-pointed  stilet. 

Finally,  one  of  the  worst  forms  of  purulent  keratitis  occnrs 
with  variola.  There  are  generally  deep  infiltrations,  connectwl 
with  ^reit  irritability,  and  leading  to  slowly  projrressive  destrue- 
ti(m  of  the  cornea.  The  uUicr  shows  more  inclimition  to  extend 
superficially  than  to  penetrate,  so  that  perforation  seldom  hap{K.>ns 
before  a  lai^e  portion  of  the  cornea  is  destroyed,  llypiipion  und 
iritis  are  seldom  absent  in  this  form  of  purulent  keratitis.  The 
atfectiou  is  very  obstinate,  and  cannot  genemlly  be  successfully 
treated  byatrojiinc,  lukcwTirm  fomentations,  the  pressurc-l«ntliige, 
etc  I  have  found  a  1  or  2  |>er  cent,  solution  of  the  nitrate  of 
quinia  useful  in  some  of  the  cases.  Iridectomy  was  ji^uerally 
necessar)*,  and  in  many  cases  was  of  decided  Ixmefit. 

Those  rjiscs  in  which  the  purulent  inBUmtion  and  ulceration 
begin  at  the  conieal  inart^in  arc  to  i)e  ctasswl  as  purulent  kera- 
titis. There  generally  also  develops  soon,  an  extensive  conjunc- 
tival fiwellfncr  with  muci>-purulent  setTetion.  Atropine  and  the 
pressuro-ljjuidage  if  noctissary,  chlorine  water  or  a  1  to  2  i>er 
oent.  solution  of  nitrate  of  silver  where  there  is  great  coujudc- 
tival  swelling,  are  the  suitable  remodiefi. 

Still  more  rarely  there  ot^cur  near  the  margin  of  the  cornea,  but 
separated  from  it  by  a  zone  of  healthy  tissue,  small  purulent  in- 
filtrations, which  form  an  ulcer  piirallei  to  the  corneal  margin. 
If  they  are  early  and  suitably  treated  with  the  remedies  above 
mentioned,  these  ulcers  lieal  well.  If,  however,  tlicy  have  once 
crept  around  more  than  half  the  cirpumference  of  the  corneal,  they 
threaten  great  danger  t*t  llic  nutrition  of  its  centre.  It  becomes 
gray  and  cloudetl,  and  Hnally  necrotic, 

Xcuro-paralytic  keratifis,  in  consequent*  of  paralysis  of  the  fifth 
nerve,  is  a  rather  rare  disease.  The  sensibility  of  the  cornea, 
conjunctiva,  and  lids,  and  frequently  also  of  the  greater  part  of 
die  corresponding  half  of  the  face,  is  lost.     There  occur  upon 


i 


die  cornea,  gpnerully  at  its  wntiv,  a  gray  cloiuling,  and  t^inm  a 
lose  of  substance  by  ulccmtiou.  Frequently  there  is  at  the  same 
time  a  noticeable  dryness  of  tlic  epitlielial  covering  of  the  con- 
junctiva and  cornea. 

The  neuro-|Mralytie  iiiflainmation  of  the  eye?  cannot  be  regarded 
as  a  direct  consequence  of  tlie  paralysis  of  sensation,  sinc^-  the 
experimente  of  Meissner  and  Biittner*  have  proved  that  complete 
amesthe^ia  may  exist  without  being  followed  by  keratitis.  The 
anatomiail  ex;iininution  in  these  cnHCH  showed  that  the  i^phtlmlniio 
branch  at  the  Caaserian  ganglion  was  not  cut  entirely  through, 
but  that  a  few  of  its  lower  fibreii  were  not  divided.  On  the  other 
h-and,  Snellen  has  shown  that  the  iufiamniation  of  the  eyes  can  l>e 
postponed  or  entirely  prevented  by  protecting  thetn  irom  external 
irritatirm.  The  intluence  of  the  division  of  the  nerve  may  l>e 
regardeil  ae  diminishing  t!ie  eyes'  capacity  for  resistance,  so  that 
External  irritations,  which  under  normal  relations  were  harmless, 
DOW  caii.so  traumatic  inflatnmation. 

In  (he  human  subject  the  course  of  these  cases  depends  upon 
tlie  nature  of  tlic  cause  of  the  paralysis  of  the  fifth  nerve.  Gen- 
erally there  are  extensive  central  lesions,  which  are  noticeable  in 
the  ci^urse  of  the  other  nerves,  the  fa<'ia!is»  alxhi^'cns,  etc. 

\on  Graefet  lias  dc'scrilxMl  a  peculiar  form  o{  (x>rneal  ulceration 
as  the  result  of  interstitial  oncephaIttis4  Tfie  condition  is  gen- 
erally bilateral,  but  the  second  eye  is  attacked  some  weeks  after 
tlie  first.  Tlu^rc  is  photophobia  in  the  diseased  eye;  it  begins  to 
iraep;  oonjunctival  veins  and  episcleral  vessels  develop  upon  it, 
without  however  there  l>eing  (h^cided  injection.  A  small  part  of 
the  cornea,  genendly  centra]  or  slightly  eeceutric,  becomes  a  cloudy 
gray  yellow,  while  the  epithelium  covering  it  Incomes  dull  and 

tits  mirror-like  surface.     The  infiltmtiou  iiicrejises  in  thick- 
and  circumference,  and  leads  to  ulcerative  ilestruction  of  the 
«oruca.     Finnlly  there  follow  purulent  iritis  and  panophthalmia. 
At  the  very  Iteginning  there  is  a  very  i>eculiar  behavior  of  the 
conjunctiva  oculi,     lielow  and  at  the  sides  ol'  the  cornea  it  becomes 
4ull,  dry,  and  dotted,  and  when  relaxed  by  rolling  of  the  eye,  it 


*  Henle  and  Pfeufer's  Zeitechrift,  8  R.,  B.  xvi. 
t  Arch.  f.  Ophth.,  B.  xi'i.  2.  pair.  250. 

X  Vircbow,  IJcber  iDtentitielle  Encephalitis,  Arch.  f.  path.  Attnt.,  B.  44, 
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gathers  n\>  into  small  perpemlipiilar  folds.  It  loses  its  natural 
moisture  and  elasticity,  aud  itH  epithelium  is  not  reproducetl. 
The  condition  may  be  called  acute  xerosis. 

The  cases  were  those  of  childreu  IVom  two  to  six  months  old, 
and  eiulod  fjitally  in  consequence  of  encephalitis. 

Corneal  ulcerations,  which  could  not  be  arrested,  have  been 
observed  in  the  course  of  severe  constitutional  diseases,  sucb  as 
typhoid  fever,  complicated  scarlatina,  etc. 


CORNEAL   ULCERS. 

Corncjil  ulcers  nriay  occur  in  various  ways.  The  most  frequent 
causts  arc  iujnries  of  all  kinds,  corneal  diseases  in  consequent*  of 
conjunctival  affections,  for  instance,  severe  catarrhal  conjunctivitis, 
acute  and  tihronic  bIennorrlia?al  processes,  diphtheritis,  trachoma, 
etc.,  and  rinally  phlyctenular  and  purulent  keratitis  in  their  various 
forms.  Tiie  treatment  of  the  ulcer  dc'i)cnds  upon  the  process 
which  eausetl  it,  and  therefore  need  not  here  be  rei)eatecL  If  the 
ulceration  stop  Iwfore  a  large  portion  of  the  cornea  Ix*  tlestroyed 
or  pcrfomtion  have  occurred,  the  loss  of  substance  is  generally 
replaced  by  new-formed  tissue,  which,  under  favorable  ciivum- 
staucos,  may  1«>  so  clear  as  not  to  Ikj  detected  by  onlinary  daylij^ht. 
By  fo«il  illumination,  however,  one  nin  always  see  that  the  layers 
of  new-formed  tissue  are  not  so  transi>arent  as  tha«e  of  the  normal 
corneal  suUsttincc;  indcctl,  a  very  considcnihle  diminution  of  vision 
may  Ik!  eaused  by  these  opacities  which  can  be  soeu  only  by 
focal  illumination.  Frequently  the  scar  tissue  is  so  thick  that  it 
is  noticeable  by  its  bright  color. 

The  new-formed  tissue  does  not  always  corresjiond  to  the  size 
of  the  defect ;  it  may  Ik?  too  small,  as  in  tlie  case  of  corneal  facets, 
or  it  may  be  too  large,  forming  a  prominence ;  oven  xta  superficial 
extent  may  be  greater  than  that  of  the  original  loss  of  substance. 
The  mass  of  tissue  wliicli  grows  up  from  the  bottom  of  the  ulcer 
often  finds  the  anterior  clastic  lamella  U)>on  the  margin  of  ti)e 
ulcer  still  deprived  of  its  protecting  epithelium,  and  may  spread 
out  upon  it  beyond  the  limits  of  the  original  ulcer,  till  it  reachus 
the  epithelium.  If  now  the  epithelial  layer  be  renewed,  the  new- 
formed  tissue  will  be  covered  by  it.  In  this  manner  occur  many 
of  those  cases  in  which,  ujxm  anatomicsil  examination,  a  layer  of 
new-formed  tissue  is  found  between  Uic  epithelium  and  the  ante- 
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rior  ela&tit'  membrane.     I^rge,  thick  corneal  scars  ore  frequently 
peiMJtratwl  by  pornmncnt  blowl-vesjiclsi. 

If  perforation  occur  in  u  conical  ulcer,  the  further  course  depemls 
principally  upon  the  size  and  position  of  the  opening.  In  the 
first  place,  the  aqueous  humor  flows  out,  allowing  thi;  iris  and 
lens  to  come  in  apposition  with  the  jw-sterior  surface  of  the  cornea. 
Id  «niall  perforating  ulcers  the  opening  may  close  again  in  a  few 
(lays,  the  anterior  chamber  n^fill,  and  the  uloer  heal,  leaving  a 
scar  more  or  less  visible. 

i  An  adhesion  of  the  iris  with  tlic  inner  opening  of  the  ulcer 
often  oci'ni-H  (anterior  synechia).  AVhcii  the  aiilerior  chamber 
refills,  that  j>art  of  the  iris  whidi  is  attJiched  to  the  cornea  is  lifted 
forward,  or,  if  tlie  adhesion  be  very  small,  only  a  part  of  the  stroma 
of  the  iris  h  drawn  forward  like  a  thread,  while  the  rest  of  the 
iris  remains  in  its  nornud  pcwition.  In  fresh  coses  it  is  sometimes 
possible  by  maintaining  atropine  mydriasis  to  cause  the  complete 
^detachment  of  the  anterior  synwhia. 

In  somewliat  larger  perforations  the  iris  generally  falls  forwanl 
and  adheres  to  the  marginf*  of  the  o|>oning.  The  prolapse<J  part 
►of  the  iris,  which  is  expose*!  to  all  kinds  of  external  irritations, 
may  now  swell  or  even  iMicome  pnnih'ntly  itiHamed  and  be  the 
Btarling-iM)iut  of  a  purulent  irido-choroidilis. 

The  prolapsed  iris  is  generally  driven  forward  like  a  cyst,  by 
the  a<TUuiulation  of  the  lunipmis  humor,  and  tlius  new  jwrts  of 
'the  iris  may  be  drawn  into  the  prolapse.  In  tlie  further  course 
(of  the  cicatrization  the  distendwl  prolapsed  iris  may  become  flat- 
tened again;  but  frequently  the  ciratrii'ial  tissue  does  not  prove 
strong  enough  for  this,  ami  a  staphyloniatous  cicatrix  is  formed 
(staphyloma  partiale). 

The  course  is  similar  when  the  entire  cornea  is  destroyed.    The 
'iris,  which   is  laid  ijarc,  is  covered  with  a  new-forme<l  layer  of 
,tt6gue,  and  l>ceomcs  distended  forward.     Later,  the  cicatrix  may 
flatten  or  may  remain  staphylomatous  (stapliyloma  totale). 

The  treatnumt  indi«»t<'<l  by  these  processes  must  be  such  as  to 
avert  as  much  as  possible  the  dangers  connected  with  a  rupture  of 
the  ulcer.  If  the  floor  of  a  large  ulcer  be  bulged  forward,  per- 
foration may  certainly  be  expected,  and  ncut)rdingly  care  is  to  be 
taken,  Hrst,  that  the  |)erforation  shall  l)e  as  small  as  possible,  in 
■order  to  avoi<l  anterior  synechia  and  prolapsus  iridis,  and,  second, 
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tliat  the  escape  of  the  nqueous  humor  be  as  gm<lunl  as  possible. 
If  there  Ixj  a  siiHden  ami  fxt(^nsive  rupture  of  tlie  floor  of  the 
ulcer,  the  aqueous  humor  will  l>e  forcibly  discharged,  the  iris 
driven  forward,  and  even  liixatiou  of  the  lens,  witli  rupture  of  its 
capsule,  may  fi'llow. 

Roth  indications  may  be  fulfilh-d  by  the  artificial  i>erforation  of 
the  floor  of  the  uloer,  allowiug  the  gra<lual  escape  of  the  aqueous 
humor.  The  after-treatment  consists  in  keeping  the  i>atient  cjuiet 
iu  bed,  and  using  atroj)ine  and  the  pressure-bandage.  The  saiue 
treatment  is  indicated  after  spontaneous  perforation.  Distended 
prf>Ini>ses  of  the  iris  may  at  first  he  left  to  themselves;  if,  how- 
ever, in  the  course  of  a  week  or  two  tliey  do  not  flatten  down  by 
cicsitricial  contraction,  their  removal  is  necessary  in  order  to  guard 
against  tl»o  developn»ent  of  u  partial  stapliylonia.  Very  prtjm- 
inent,  distended  prola|>8es  are  most  easily  removed  by  the  scissors. 
If,  however,  the  prolajse  rise  very  grathially  above  the  general 
surface  of  the  cornea,  its  base  is  to  l>e  transfixed  with  a  buwdl  knii'c, 
and  one-half  or  more  of  the  proIa|>se  is  to  Ik?  separate*!  by  t*>-and- 
frocuts  as  the  knife  is  witlidniwn.  The  flap  thus  formed  is  to  l>e 
seized  with  the  toothetl  forcejw,  and  the  excision  of  the  other  half 
completed  by  one  or  two  cuts  witli  the  scissors. 

Tlie  practice,  here  and  tliere  recommended,  of  touching  the 
prola{>se  of  the  iris  with  nitrate  of  silver  or  other  substana's,  is  a 
very  uncertain  one,  ami  in  no  way  to  be  preferred  to  its  excision. 

A  oertain  rare  form  of  citrneal  tilcreration,  which  occurs  generally 
in  aged,  poorly  nourislied  individuals,  deserves  a  sjweial  mention. 
It  begins  insidiously,  and  goei*  on,  at  first,  with  scarcely  any  re- 
action, but  if  uuchcckeil,  ends  in  the  di^trucliou  of  tlie  cornea.  A 
loss  of  substance  is  first  noticed  at  the  margin  of  the  cornea.  It 
increases  slowly,  and  either  extends  along  the  margin  of  the  cornea 
in  the  form  of  a  furrow,  finally,  however,  destroying  the  centre, 
or  gradually  extends  over  the  surface  of  the  cornea  from  the  very 
first. 

The  up]»er  layers  of  the  cornea  break  down  without  there  l>eing 
any  purulent  infiltration  to  be  seen,  either  about  the  margin  or  at 
the  bottom  of  the  ulcer.  The  dee(>er  layers  generally  remain  in- 
tact and  transparent;  still,  perforation  may  occur.  Cicatrization 
gradually  extends  from  the  margin  till  the  entire  surface  of  the 
cornea  is  changed  into  a  smooth,  vascularized  scar. 
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CORNEAL  (►PACrriES. 

Compal  opacities  are  the  permanont  traces  left  by  nn  ulceration 
or  infiltration  of  tlie  cornea. 

Tlie  influence  which  they  exert  \i|>on  vimon  de|>en(lH,  in  the 
fii*st  phiee,  u|>oD  their  ]M>sitiou,  whether  within  or  without  the 
pupillur  region.  It  must  be  remembered  that  the  pupillar  region 
of  the  coraca — that  is,  that  portion  of  its  surOice  through  which 
ruys  of  light  can  enter  the  pupi! — is  stmicwiiat  larger  timn  the 
pupil  itfielf»  because  the  ravB  of  light  j)roceeding_from  a  fixeil 
]>oint  are  made  to  assume  a  oon\-crgent  direction  by  the  refraction 
of  the  cornea.  Corneal  opaciticH  which  lie  external  to  tlie  pupil- 
lar region  cause,  therefore,  no  disturbance,  wliile,  when  all  that 
part  of  the  pupillar  region  which  serves  for  central  vision  l}ccome8 
Opaque,  it  is  evident  that  objects  lying  n|>on  the  visual  axis  can 
•cost  uo  retinal  image.  Direct  vit^ion  is  prevciite<i.  W  un<ler 
these  conditions  a  part  of  tlie  periphery  of  the  cornea  remain 
transparent,  eccentric  vision  is  still  |w)ssil)le.  During  monoc- 
ular vision,  with  the  afl'ccto<i  eye,  eccentric  fixation  takes  place, 
its  direction  being  detenuinctl  by  the  position  of  the  still  trans- 
parent jKjrtion  of  tlie  corneji;  if,  for  instance,  it  Ire  a1«>vc,  then 
will  an  object  which  is  directly  in  front  Ik;  seen  with  the  axis 
of  vision  directed  downward.  During  binT>cular  vision  that  ]mr- 
ticular  object  will  not  be  seen  witli  the  ailcctetl  eye;  still  less  does 
this  condition  ever  cause  strabismus,  as  it  was  formerly  tliought 
to  do. 

Corneal  opacities  which  are  snmllcr  than  the  pupillar  region 
and  Hl)so]ut4:ly  opaque,  and  not  complicatctl  with  unoniulics  of 
curvature,  exercise  only  a  very  slight  influence  over  vision.  A 
simple  tliminution  of  tlie  pupillar  region,  as,  for  instance,  by  look- 
ing through  a  small  opening,  docs  not  diminish  the  aculeness  of 
vision.  Hut  if  these  corneal  o[iacitics  be  not  absolutely  opai]ue, 
Ute  rays  [>eneti'ate  them  in  all  directions;  a  tlood  of  diffuse  light 
is  thrown  np4^>n  the  retina,  and  the  distiuelness  of  vision  is  thus 
interferwl  with. 

Nevertheless,  it  appears  that  this  is  less  important  than  irregu- 
laritiee  in  curvature  and  refraction,  which  distort  the  retinal 
imogea.  Cnnieal  ofvicitics  have  been  alretidy  mcntionetl  as  a 
frequent  cause  of  irr^ular  astigmatism  (page  04). 


312 


CORNEAI-  OPACITIES. 


If  we  suppose  the  cornea  to  Ixj  oomixised  of  n  number  of  small 
I>arts,  having  oa<*!i  a  diflerent  curvature  and  refractive  power, 
their  focal  di8tance8  will,  of  course,  vary.  Kach  part  will  caot  its 
own  image,  which  will  interfei-e  with.tliosc  caat  by  the  other  parte, 
and  this  irrcitularity  Incomes  so  mvich  the  greater  when  not  only 
the  ftxsii  distsincies  hut  also  the  optical  axes  of  thes^e  dilfereiitt. 
parts  do  not  correspond  with  each  other.  Both  thb(»e  conditions 
exist  in  irregnlar  ai^tignmtisni,  caused  by  corneal  opacities,  as  may 
be  dcmoii.stmtcd  nphthalrnoscupicidlv. 

If  in  the  exaniinatiun  in  the  upright  image  the  examiner  Hxpr 
some  sharply  drrtnod  object  in  the  fundus,  a  retiual  vessel,  for 
insUincc,  and  if  he  then  makes  slight  movcmcntB  of  his  iicad,  so 
that  his  Hue  of  vision  successively  penetrates  various  neigliboring 
portions  of  the  cornea,  which  vary  in  refraction  and  in  centring, 
a  rcniarknblt'  appaivnt  movement  of  the  ophthalmoscopic  image 
is  the  necessary  amsetjuence.  This  is  still  more  evident  in  the 
examination  in  the  invcrtctl  image,  if,  for  insUince,  when  fixing 
upon  a  retinal  vessel  the  convex  lens  be  moved  slightly  to  ami  fro 
in  u  dti-ection  perpendicular  to  the  coni-sc  of  the  vessel. 

lu  irregular  astigmatism  the  ophthalmoscopic  image  of  tlie 
fundus,  as  well  as  the  retina!  image,  is  composed  of  several  images 
inaccurately  su|)crimpo-cil,  and  the  retallve  position  of  these  vari- 
oas  images  varies  with  the  movements  of  the  convex  lens.  More- 
over, when  the  ofjtic  disc  is  fixed  and  these  movements  are  made, 
there  ai)i>ears  to  be  a  remarkable  cliange  in  its  form. 

The  hurtful  influenoe  of  corneal  opacities  upon  vision  may  be 
shown  in  a  very  simple  manner  by  the  ojdithalinoscopic  illumina- 
tion with  a  weak  retlet^ting  mirror, — that  is,  with  a  silvered  plane 
mirror,  or  Ilelndioltz's  roHecting  glass  plates.  Irregular  astigma- 
tism is  then  made  a[)parent  by  the  fact  that  during  slight  move- 
ments of  the  mirror  one  and  the  sjime  place  upon  the  eomea 
appears  alternately  dark  ami  bright.  In  tiiis  cx|icriment  we 
examine  the  corneal  oiwcitiea  by  transmittiHt  light,  the  source  of 
the  light  which  cauK^  the  pupil  to  soeni  il[uminate<l  being  the 
ini:ige  of  the  flame  cast  in  the  fundus  of  tlie  rye  by  the  mirror, 
which  image  of  course  changes  its  place  with  every  movement  of 
tlie  mirror.  If  now  the  curvature  and  transparency  of  the  eomea 
Ixj  normal,  slight  changes  in  the  position  of  the  source  of  light 
would  not  a£fect  tlie  amount  of  light  which  passes  through  the 
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pupillar  region  of  the  eye  examined  to  that  ot  the  examiner  _ 
on  the  contrary,  irregiilaritios  exists  the  ennsoqiienoe  of  a  sh'ght 
change  in  the  {N)8ition  uf  the  sonrce  uf  light  wouKl  l>e,  that  in 
one  and  tJie  same  place  in  the  cornea  sometimes  more  and  some- 
linicA  less  ravj^  of  lij^Iit  would  U;  so  refracted  a.s  to  t*orresjioiid 
with  tlie  line  of  sight  of  the  ol>server;  the  irregularly  curved 
plaoes  will  therefore  appear  during  the  movements  of  the  mirror 
*lternately  brijjjliter  and  darker. 

The  disturbances  of  vision  caused  by  corneal  o|jaoities  may 
generally  l)e  diininiHhed  by  IXmders**  stenopaie  apparatus,  whiuh 
covers  the  entire  eye,  leaving  ordy  a  siualj  round  or  slil-^liaped 
0|>ening.  Hy  diminishing  the  light  fulling  on  the  eye,  the  pupil 
dilatt^,  and  this  enabled  the  patient  so  to  hold  the  diopter  that 
he  may  use  the  clearest  portion  of  hi^  pu]iillar  region. 

In  spite  of  tiie  very  tK»nsiderai»U!  imjirovement  in  vision  whit-h 
may  t)e  caused  by  the  stenopaie  appamtuh,  it  la  iseldoiii  |inictio:d>le 
to  allow  it  to  he  worn  as  fi[>ectaclcs,  for  it  makes  the  field  of  vision 
tn«»  small,  and  iu  position  can  be  altere*!  only  by  niovemeuts  of 
the  hcml  and  not  by  ndling  the  eycK.  It  may  be  best  employed 
fop  residing;. 

Trtntment. — iSo  long  as  the  inflammatory  process  which  cuusca 
the  o|«u*ity  still  lastSj  tlie  proper  treatment  of  the  inHannnatioii  la 
the  l)est  mean?  by  which  to  prevent  the  occurrence  of  opaciti(?s. 
But  if  the  opacities  remain  as  the  eflivt  of  a  pn>eeHs  which  has 
already  run  \ts  course,  iheir  disapixjanuice  cannot  Ije  ho|>e<l  for. 
In  many  cases  in  %vhich  the  entire  pupillar  region  is  occupied  hy 
thick  ufjacities  while  the  periphery  of  the  cornea  i*^  still  clear, 
the  formation  of  an  artificial  juipil  is  indicatetl.  If  the  iris  has 
retained  its  normal  motility,  the  atropine  mydriasis  shows  us 
about  how  much  may  be  expected  from  an  artificial  pupil :  indeetl, 
in  many  cases  the  <|uestion  arises  whether  continuous  and  .suitably 
^graduated  atropine  mydriasis  is  not  to  be  preferred  to  an  operation. 

If  an  o|XTation  has  been  decided  on,  a  choice  is  to  l)e  made 
between  iridectomy  and  iridot(tmy.  Under  all  circumstances  the 
vrtiticiai  pupil  mast  be  made  as  small  as  i>ossible,  and  its  position 
■carefully  chofjen,  op|>ositc  that  (mrt  of  the  cornea  which  is  cleart«t. 
It  often  happens  tlint  against  the  black  background  of  the  new- 
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formed  pnpil,  opnrities  iMvorne  visibU'  which  potild  not  tjeforo  be 
«een  over  (lie  lij^hler-ooloretl  iris.  The  olijection  to  he  nia<le  to 
iridectomy  in  c*)m«d  o|mt:ities  is,  that  the  oriiticiul  pupil  generally 
proves  larger  than  is  desirahle  for  optical  purjxiees;  moreover,  in 
doing  the  operation  the  wmind  mnst  be  made  nt  the  margin  of 
the  ooriieii  clrjKe  tt>  the  new  pupillary  region,  and  there  is  danger 
of  its  causing  cicatrices,  opjicities,  and  anomalies  of  curvature 
TV'hioh  cause  optii^l  disturhanr-es. 

The  operation 'of  iridot(jiny  consists  in  making  a  straight 
incision  in  the  iris  from  its  pupillar  margin  toward  its  periph- 
ery. For  tlilrt  purpose  a  puncture  is  made  with  the  lance  knife 
in  the  margin  of  the  cornea  on  the  eiile  o)»poeite  to  that  on  which 
the  iris  is  to  be  incised^  and  thus  it  happens  that  tlie  wound  is 
almoHt  always  in  a  part  of  the  wirnea  already  clmideil.  It  is  well, 
after  the  lance  knife  hits  i>een  slowly  insertc^l  until  a  wound  is 
made  3  or  4  mm.  in  length,  to  withdraw  it  quic'kly,  in  order  to 
retiiin  some  of  the  aquei:)us  hunior  in  the  anterior  chamber. 
Wecker's*  forceps-like  scissors,  made  for  this  pur|»osc,  are  then 
|»a88ed  iuU>  the  anterior  chamber  with  one  blade  before  and  tlie 
other  behind  the  iris,  which  is  then  cut  through  by  quickly  closing 
the  scissors.  Great  care  must  be  taken  when  in.serting  the  blade 
to  avoid  wounding  the  ca|)sule  or  causing  Uixalion  of  the  lens.  The 
ooutraction  of  the  sphincter  of  the  iris  causes  the  wotmd  to  gape, 
so  as  to  open  an  artificial  pupil  of  sufficient  size. 

The  removal  ol'a  corneal  opacity  hy  an  operation  is  very  rarely 
|>os8ible.  In  a  case  described  by  Buwman,t  a  dejiosit  of  ])hos- 
pluite  and  caibonalo  of  lime  Inul,  in  the  course  of  several  yeare, 
and  apparently  without  symptoms  of  inftamniation,  ai^umuluted 
beneath  the  unchanged  epithelium,  and  it  was  scaled  off  the 
Cornell,  t<^)  tlie  gRsit  improvement  of  virion. 

A  very  ]>eculiar  form  of  corneal  o|mcity  remains  to  be  men- 
tioned. It  is  a  band-like  stripe,  3  or  4  mm.  in  breadth,  which 
omases  the  cornea  in  the  direction  of  the  palpebral  fissure.  The 
opacity  always  begins  at  the  extremities  of  the  horizontal  diam- 
eter of  the  cornea,  and  extends  gradually  toward  the  centre.    Its 


*Annn1cii   il'Ocnliiliqiie,   (ome   Ixx.  pufi.  128,  oiid   Klin.  MciuntiM.  fur 
Augenlivilk.,  1878,  pa^.  »77. 
f  Lectures,  pag.  119. 


CORNEAL  STAPHYLOMA.  816 

Dolor  is  so  slight  (lint  it  can  be  more  ensity  seen  hy.  fot^l  illumi- 
nation than  by  tlityji^lit,  and  it  appears  to  bo  cumpoi^etl  L>f  Hue 
and  coarse  dots  and  flakft-  imnit^liati'ly  untlcr  the  cpitlu'lium.  It 
always  appcarn  u{}on  both  corncfe,  altbough  not  always  in  tJic  same 
de^jroe. 

The  condition  is  a  rare  one.  It  often  occurs  without  any  comj>H- 
eatious,  and  is  acconipanieii  only  by  thoBe  disturbances  of  vision 
nrhich  are  due  to  the  optical  relations,  as  may  Iw  demomatrnted  by 
4lic  9tenoi>aic  api)aratU3  or  by  atropine  mydriasis.  These  corneal 
Opacities  are  oAener  seen  in  the  later  stajajes  of  irido-choroiiiiti.", 
and  are  then  generally  notif*enble  by  tlieir  bright  color.  They 
niso  occur  in  connoetiun  with  |;lauconia.* 

a)KNEAL  STAPHYLOMA. 

The  name  staphyloma  designates  a  distention  of  (he  cornenl 
Ittctiirix  to  wliase  inner  surface  the  iris  has  Iwcome  adherent.  The 
wtapltyioma  is  called  total  when  it  involves  the  whole,  and  jxirtial 
when  it  involves  otdy  a  part  of  the  cornea. 

When  the  entin?  cornea,  or  the  greater  part  of  it,  is  destroyed 
hy  ulceration  an<I  the  iris  exposed,  a  membranous  cicatrix  forms 
over  il,  and  this  is  driven  forward  by  tht?  iiecumnlation  of  a^iiicnuH 
bumor  behind  it.  Later,  the  cicatricial  tissue  may  iliitten  (k*\\n 
And  held  fast,  or  it  may  soften  under  the  influence  of  new  itiflam- 
inatory  irritation  and  again  bulge  forwaivi.  This  process  may  lie 
jreiK-atetl  several  times. 

But  even  small  corneal  ulcers,  which  have  de.stroyed  only  the 
central  part  of  tlie  cornea,  may  lead  to  staptiyloriia  by  the  a<lbcsion 
of  the  entire  pupillar  margin  of  tlie  iris  to  tlie  cicatrix.  A  restora- 
tion of  the  anterior  chambLT  under  these  circumHtanoes  is  impos- 
sible. The  iris  remains  in  appi»sition  with  ihe  posterior  surface  of 
Ae  cornea,  the  nqnenns  humor  accumulates  behind  it,  and  taiuse^s 
aatretching  and  protrusion  both  of  the  cornea  and  of  the  iris. 

In  both  cases  there  finally  develops  a  tumor,  which  protrudes 
from  the  |)alpebral  fissure,  and  wbieli  the  lids  cixn  n)ver  only  by  a 
[oertain  tension,  lioth  ihe  deformity  and  the  continual  irrit^ttion 
kept  up  by  the  staphyloma  indicate  its  removal  by  operation. 

The  staphyloma  is  transfixed  at  its  base  with  a  cataract  knife, 


■  Von  Oraefo,  Arch.  f.  Ophtb.,  B.  xv.  8,  pug.  189- 
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nntl  one-half  of  it  detacliod ;  the  flap  is  then  scizwl  with  the 
lootlied  f4»rw()8,  and  the  rfinovu!  completed  with  the  sct-ssore 
curveil  on  the  flat. 

The  lass  of  Hubstniice  (^luswl  liy  this  o|>eration  is  of  ooni^e  as 
larf£e  as  tlie  hasp  of  the  exrisftl  staphylonui,  aii<l  it  may  be  left  to 
hc:il  sponlaiieourtly  under  a  pressure-bandaj^e. 

In  order  to  ha<*ten  healing,  Critchett*  has  proposed  to  elose  the 
wound  with  sutures,  which  sh<iu1d  Ik,*  insertwl  hcfnrc  the  staphy- 
loma is  removed.  Critchett  parsed  five  curved  needles  tiiruugh 
uruliT  the  base  of  the  sitaphyloraa,  which  was  then  removed  and 
the  sutures  united.  Since  in  most  cases  of  staphyloinu  the  Ijose 
corresponds  nearly  to  the  corneo-scleral  boundary^  the  .sutures 
must  be  ixissetl  tlirough  the  ciliary  Iwdy.  The  great  danger  at- 
tendinjo;  all  wnuuds  in  this  region  niu^t  l>e  remenil>ere<l,  and  this 
danger  is  increaswl  by  the  fact  tliat  tlie  threads  which  act  as  a 
foreign  bndy  must  be  alloweil  to  rt-niain  a  long  time.  Knappf 
has  prt^posetl,  therefore,  to  inchide  only  tlie  ainjunctiva  in  the 
sutures.  The  slniplest  method  is  to  insert  about  four  threads  in 
the  conjunctiva  above  and  below  the  staphyloma.  The  |w>r(ionsof 
the  threads  extending  across  thcsta[)hyluma  in  a  vertical  direction 
are  tlien  pushetl  iLslde,  the  staphyloma  is  removwl,  the  sutures 
tied,  and  a  pressui-e-bandage  applied.  In  most  cases,  however, 
the  sutures  cut  through  the  conjunctiva  after  two  or  three  dayft, 
and  the  wonml  then  remains  ojnen,  till  af^er  four  to  six  wwUs  it 
closes  by  cicatrization.  Tfie  matter  is  not  improve*!  by  previously 
detacfiing  the  conjunctiva  from  the  sclera  about  the  oirnea  and 
inserting  the  threads  so  that  the  e«lges  of  the  conjunctiva  come  in 
apposition.  Even  then  the  conjunctival  wound  does  not  heaJ 
before  tlie  sutures  cut  through. 

The  object  of  placing  the  sutures  before  removing  tlie  stajihy- 
loma  is  to  make  it  possible  to  close  the  wound  immediately  and 
without  any  escape  of  the  vitreous.  But  if  the  operation  be  done 
during  deep  narcosis,  the  wound  may  be  closed  by  stitches  after 
the  removal  of  the  staphyloma  without  any  csca|)e  of  the  vitre- 
ous. In  some  cases  1  have  therefore  operated  by  excising  from 
the  staphyloma  a  sufficiently  large  elliptical  piece  whose  longest 


*  Ophth.  Hnsp.  Rep.,  iv.  1. 
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diftineter  correspondo«l  with  ihe  direction  of  the  |Milpebra!  fissure. 
The  wounJ  is  made  with  an  acute  an^^le  at  either  eiul,  K'^'"*?  ^^ 
thus  a  form  suitable  for  direct  union.  The  iipt>er  and  lower 
margins  of  the  corneal  wound  are  then  brouj^ht  in  ap[>osition  by 
ratgut  sutures.  I  ji^nerally  nt^Iect  the  enucleation  of  the  lens  in 
tlic  removal  of  total  i^taphylomu.  The  catgut  sutures  are  cut 
oflT  closely,  since  their  removal  is  unui^cessaiy. 

Before  every  operation  lor  sttipliyloma,  it  is  advisable  to  ascer- 
tain whether  there  i»  grrod  |jerccption  of  light.  If  there  l>e  not, 
there  existd  some  serious  intrafHiihir  disease,  generally  excavation 
the  optic  disc.  Under  such  circumst^inwfl  the  removal  of  the 
Staphyloma  by  sudtlenly  relieving  the  iiitrsuKnUar  pressure  njay 
easily  cause  choroidal  hemorrhage,  wliicli  may  \w.  so  severe  as  to 
force  out  the  entire  conteuts  of  the  eye.  At  all  eventji,  jmnoph- 
thalmitui  follows,  with  a  tedious,  painful  healing  process,  and 
eventual  shrink.*^  of  the  stump.  In  such  (3i.se.">  the  question 
may  arise  whether  it  is  not  preferable  to  enucleate  the  eye  in  the 
first  p];U!C.  Even  when  there  is  giiod  prrrcptinn  of  light,  and 
when  the  exiatent*  of  intraocular  compliciitiun  is  theivforc  not 
probable,  the  o|>eration  for  staphyloma  may  lead  to  purulent  cho- 
roiditis and  atrophy. 

Anat4imical  c.vumination  shows  a  staphyloma  to  consist  of  cica- 
tricial tissue,  which  on  its  anterior  surface  is  covered  by  epithelium 
arranged  in  several  layers,  while  its  intraoeular  surface  is  cuvercd 
by  the  remains  of  the  iris,  gcuerully,  huwever,  only  by  the  uveal 
layer.  The  stroma  of  the  iris  disnppears  in  the  adhesions  formed 
with  ihc  new  sear  tissue,  leaving  (»nly  a  slight  trace  of  pigment. 
There  is  no  traee  of  cither  an  anterior  or  a  [)ttsterior  elitstic  lamina 
upon  the  staphyloma.  Tlie  anterior  eliustic  membrane  is  seen 
broken  abruptly  oH'  at  the  margin  of  that  portion  of  the  corneal 
tisijue  whi(rii  still  remains,  white  the  piwterior  clastic  membmne 
ta  foldeil,  rolled  together,  and  included  iu  the  cicatricial  tissue. 
Flat,  Don-staphylomatou.s  scars  in  the  cornea  preticut  exactly  the 
same  appennuices. 

Suipliylomatous  scars  vary  in  thickness.  They  are  generally 
thin,  but  sometimes  Imve  a  thickness  of  2  or  3  mm. 

The  way  in  which  jiartial  staphyloma  otx-ui-s  is  as  follows. 
After  a  perforation  of  the  cornea  the  iris  iails  tbrward,  is  bulged 
outward  by  the  accumulation  of  the  aqueous  humor,  and  fails  to 
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be  drawn  backward  to  its  normal  level  by  the  sultaequcnt  olca- 
trioial  contraction. 

Where  tlierc  has  been  exten:*ive  Irjss  of  corneal  sulMtance  the 
ooeurrenoe  of  total  corneal  staphyloma  cannot  ulwaj's  be  avoided, 
btit  wliere  there  is  a  smull  ulcer,  with  the  destruction  of  not  more 
than  one-third  uf  tlie  cornea,  a  dtaphyluiuatou^  cicatrization  ^^hrmld 
be  prevented  by  a  prompt  exciflion  of  the  prolap«?.  If  this  be 
not  done,  and  a  jK;rnmiicnt  stiiphyloinatons  wrjir  be  alloweil  to 
develop,  tfie  normal  curvature  of  the  portion  of  the  n>niea  sull 
remaining  transparent  is  soon  destroyed,  to  the  detriment  of  vision. 

A  ]»arti:il  ytapliylonja  is  removed  in  the  same  way  as  a  larger 
prolajwe  of  the  iris  or  a  total  .st;iphyIoma.  If  the  partial  -staphy- 
loma develo])  again  af^er  its  removal,  it  is  of\en  due  to  the  fact 
that  the  lens  is  luxated  and  presses  with  its  edge  against  the  sc-ar. 
If  this  condition  can  be  reoogniretl  during  the  operation  for  re- 
maviiig  the  staphyloma,  it  ifi  best  to  oj>en  the  ca]isnle  and  extract 
the  lens.  Partial  staphyloma  is  often  obe^rvcd  to  decrease  afler 
iridecttany. 

Corneal  fistula  h  n  small  oi>ening  in  tlie  anterior  chamber, 
throui^li  which  the  aqueous  humor  continually  flows.  This  ex- 
ceptionally hap|>ens  after  wounds  <ir  operations  iit  the  eoruco-wJcral 
boundary,  over  which  the  conjuurtiva  hi'Jiis,  while  a  small  portion 
of  the  corneal  wound  remains  o|K'n.  The  aqueous  humor  then 
nccunnilat4's  l)eneath  the  conjunctiva. 

Fistula  of  the  auteriur  chandler  more  frequently  follows  corneal 
ulcers. 

Even  when  the  perforation  caused  by  a  oorncal  ulcer  is  very 
small,  the  reHlling  of  the  anterior  chaml)er  is  often  long  delayed; 
the  aqueous  humor  trickles  away  constantly,  and  the  iris  and  lens 
lie  agjunst  the  |x>stenor  surface  of  the  cornea.  Now  and  then  the 
fistula  closes  auiicrficiully,  some  a(pieous  htimnr  acctimulatcs,  but 
before  the  anterior  chamber  beoomes  normally  tilled  the  fistula 
o(M?ns  anew.  Even  after  complete  closure  of  the  fistula,  a  slight 
irritati(»ti  may  cause  it  to  reopen. 

This  condition  appears  to  develop  principally  when  the  iris  has 
become  adherent  to  the  (xTforation  of  the  ulcer. 

The  treatment  conjilsts  in  a  continnance  of  the  means  indicated 
in  the  treatment  of  the  ulcer.  Ol\en  the  fistula  does  not  close  till 
■the  atropine,  which  up  to  tliat  time  bad  been  in  use,  is  withheld. 
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A  eerljiin  <logr(?e  of  tension  upon  the  iris  attndiwl  to  tlie  firftnliHis 
openiii};  :ip|)ear9  to  favor  the  hccilini;.  The  curative  effVrt  of  Cixla- 
bar  Ixsiii,  whicli  Zehemk-r*  <ih.st'rve<l  in  one  t-ase,  prc)bal)ly  ilq>en<)s 
u|K)u  this.  Ill  one  cose  of  ix>rneiil  fistula,  which  had  |)er»itite(l  a 
long  time  an*l  had  fesisted  all  other  nioan«»  I  was  able  to  oloBe  it 
|>ermanentiy  Uv  introducing  u  Hne  hook  in  the  fistulous  opening, 
raising  it  up  and  exciding  its  walls  with  the  scit^ora. 

Oorncal  fistulas  may  persist  a  lonjj;  time  without  doiiij;  any 
gfitat  harm.  But  wliile  they  last,  tlie  decree  of  vision  and  the 
extent  of  the  visual  Held  should  be  c-arcfully'watotiL'd,  since,  in 
many  eases,  rapid  glaneoniatons  blindness,  <lne  to  excavation 
of  the  optic  ut*rve,  comes  on  without  any  uotiiseable  external 
changes. 

A'^esiclcs  Rometimes  ocTur  upon  the  cornea  in  eyes  otherwise 
quite  normal^  and  without  any  previous  iiillummatury  symptoms. 
but  they  arc  more  fretpient  in  eyes  which  have  a  long  time  been 
<iisea8e<l.  They  have  been  most  frwjuently  observed  durin»j  the 
course  of  interstitial  Ueratitis,  chroni<'  iritis,  and  glaucoma.  The 
vesicles  consist  simply  of  the  epithelium  raiseil  from  the  anterior 
elastic  lamina,  and  are  sometimes  quite  tense  and  sometimes  so 
relaxed  that  their  form  can  l>e  changed  by  pi*essure  on  the 
epithelial  covering. 

The  annoyances  which  they  cause  are  nearly  the  same  as  those 
of  a  foreign  body  irritating  the  cornea.  They  may  generally  be 
cured  by  simple  puncture.  Exceptionally,  however,  the  pi-occss  is 
obstinately  persistent.     Von  Ilasncrt  was  able  U>  cure  one  such 

Dt  only  by  rem<tving  the  anterior  lamella;  of  the  cornea,  corre- 
iding  to  the  |)art  upon  which  the  vesieles  (lersisteutly  recurred. 


KKRATOCONUS. 

KcratoeoDUs  is  a  change  in  the  form  of  the  cornea,  l>y  which 
it  loses  its  normal  curvature  nnd  l>eeomes  more  or 'less  poiuied 
in  its  centre.  The  mrnea  at  this  point  is  wnisidcrably  thinned, 
frequently  t<»  one-third  its  margijial  thickness.  In  one  case  ex- 
nmined  by  llnlke^  the  anterior  elastic  lamina  particijNiteil  in  this 
tiiijining,  while  the  membrane  of  O&scemet  was  unchanged. 


*  KUn.  UoimtsbU,  tI.  pag.  S5.  f  KliniK'bc  Vortr*g«,  pug.  lUfi. 
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The  thinning  and  pointing  of  the  centre  of  the  cornea  mictir 
quite  gradually,  and  at  first  the  wrnea  la  al>wlutcly  clear,  Ijatur, 
a  slight  gray  opwity  «i>i>wirs  at  the  a|.)cx  of  the  cone,  wliich  Hullce 
found  to  be  due  U)  a  layer  of  elongated  nuclei  immediately  lio- 
neutli  the  autoritir  clastic  membrane^  and  a  transformation  of  the 
corneal  tissue  into  a  uet-w<»rk  of  nucleated  fibres  surrounding 
clusters  of  large  spindle-shaped  cells. 

The  Ix^inning  of  tlic  dise:isi'  is  generally  nt  a  time  between  the 
fifteenth  and  the  twenty-fifth  year,  but  it  may  be  either  earlier 
or  later.  As  a  rule,  both  eyes  are  successively  aftt«ted,  and  gener- 
ally  to  a  diftcrcnt  degree.  This  stretching  of  the  wntre  of  tlie 
cornea  may  become  stationary  at  any  stage.  It  may  also,  thongb 
it  rarely  does,  begin  again  after  having  been  a  long  time  station- 
ary. Kven  in  the  most  extreme  ^-ases,  bursting  or  ulceration  of 
tile  cornea  never  occurs.  There  is  no  increase  of  hardness  of  the 
eyeball. 

Theopti«il  consequence  of  the  increased  promineiKxjand  shorter 
curvature  of  the  centre  of  the  cornea  is  myopia.  But  at  the  same 
time  tlie  irregularity  of  tlie  corneal  cur%'ature  makes  the  retinal 
images  likewise  so  irregular  that  the  distinctiKss  of  vision  is 
greatly  interfered  with.  The  annoyances  are,  in  geiieml,  tiioee 
of  myopia  (complicated  with  amhivopia. 

Such  patients  are  often  able  to  read  ordinary  print,  since  they 
hoM  it  chise  to  the  eye  and  so  receive  large  retinal  images.  Only 
a  sliglit  improvemeut  of  vision  for  distance  can  be  obtained  by 
concave  glasses. 

The  diagnosis  is  ver}'  eiisy  after  the  condition  has  passed  a  cer- 
tain stage.  The  characteristic  change  in  the  form  of  the  com ea 
can  then  scarcely  Iw  nn'stjiken.  Slight  rlogrces^  on  account  of  the 
irregular  astigniatism  e^mnei^ted  witli  them,  arc  easily  nMX^nized 
with  the  o]>iithulniosf'r>|>t\ 

It  is  plain' that  no  kind  of  medication  can  be  exj)ected  to  restore 
the  normal  curvature  of  the  cornea.  Oj)erative  relief,  too,  is  quite 
limited. 

Iridectomy,  originally  pro|>osod  by  Von  Graefe,*  would  in 
most  caijcs  do  more  liarni  than  good,  since  the  cirelca  of  diffusion 
upon  the  retina  increase  with  the  size  of  ttie  pupil. 

*  Areb.  f.  Ophth.,  B.  W.  2,  pag.  271. 
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BowTTian,*  tlicrcforc,  prnposwl,  by  the  operation  of  iridoclesisjf 
to  leiigtltcn  the  pupil  or  to  chmige  it  into  u  narrow,  vertieiil  slit 
by  two  aucii  operations  at  diametrically  opposite  points  at  the 
i^argin  of  the  cornea.  Still,  this  operation  does  not  relieve  the 
opiieal  diKturbaueos  faiised  by  the  irregular  curvature  of  the 
cornea.     It  simply  diminii^hes  the  size  of  the  circles  of  <tiH)i-^ion. 

Finally,  Von  Graefet  trieil  llie  plan  of  provoking  an  ulcer 
Hpon  the  middle  of  the  cornea,  with  the  hope  that  the  contraction 
of  the  resulting  cicatrix  wtmld  cause  ait  iniprovcment  in  the 
curvature.  For  this  purpose  a  slight  su{H.'dicinl  loss  of  substance 
is  i^u^eil  at  the  a|>ex  of  tlit*  cone.  A  small  knife  is  inserted  to  the 
depth  of  the  middle  layers,  and  its  point  brought  out  at  a  distanoe 
of  frt>in  1  to  2  mm.  The  flap  thus  forme<l  is  seized  with  the  tine- 
toothed  fiircc]»p,  ami  rut  off  close  to  its  base  with  the  scissors. 
The  small  delect  thus  caused  is  cauterized  a  day  itf  two  later  with 
mitigated  nitrate  of  silver,  and  this  is  re|>eated  every  two  or  three 
<hiys  till  a  sufficiently  intense  inliltnition  proc<MH  is  set  up.  The 
ulcer  heals  fniully  with  a  scar,  by  the  eontruction  of  which  the 
abnormal  cnrvuture  of  the  cornea  is  diminished. 

An  imprfivement  of  vision  cannot  l>e  exp(H.-tetl  till  the  traumatic 
keratitis  has  run  its  course;  and  this  reijuires  from  two  to  three 
months. 

In  rare  cases  the  cornea  at  birth  is  much  too  large,  although 
perfectly  trans|>arout. 

WOUNDS  OF  THE  CORNEA. 

Foreign  bodies  which  lalge  ii|>on  the  cornea,  witliont  beeoming 
in)l)edded  in  it,  are  generally  S4>un  reniovetl,  on  acciHuit  of  the 
irritation  which  they  set  ap.     Sometimes,  however,  these' objects 


*  Ophlh.  Ho9p.  Rep.,  ii.  pug.  Ififi. 

-f  Hir  oporution  nf  iridtiilc^u  whb  propogcd  by  Orilchett  (Ophtb.  H<]ep.  Rep., 
i.  jMig.  220|,  with  tlio  object  of  Ivn^th^iuni;  und  nt  tUr  *-»me  liinii  retaining 
the  motility  "f  thi^  pupil.  The  »pbint.-tvr  iridis  must  b>>  .■'pHrvd,  nnd  not  ex- 
«rlw>d,  lU  in  iride<'tuiiiy.  With  tbi»  object  u  snmll  upt-tiing  is  iiuidL'  in  iho 
extreme  rniir^in  of  the  t'omoa,  the  irjji  in  j;pH«p<*(l  willi  tlif  f"rre|rt  not  fnr 
from  itJ  ciliftry  insprtion,  is  drawn  outward,  nnd  iiicUid'-'d  in  h  l(»^^>pc>f  ihreiid, 
So  opjfir  Ut  prcvoiit  iho  a]K)ntnncou»  retruction  of  tho  small  pralajiaus.  Thia 
operntion  would  fullll  [nuny  tlierttpi'iilic  iuilicnlion^  if  it  did  nut  luvolve  the 
danger  of  iridf^-cyclitii;  nnd  ^ympnthctic  disease  of  tbu  other  oye. 

X  Arch.  f.  Upbth.,  B.  xU.  pog.  215. 
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peiimin  a  longer  timn  and  nminfjiin  it  chmnlc  inflammaHnn.  This 
Hecin»  oftotiest  to  liap|H.<n  with  tlie  husks  of  small  ^itls,  but 
injects*  wings,  small  piews  of  vegetabk'  meinbnuiw,  ^tc,  have 
also  been  observetl  to  remain  a  Iniig  time  tiiMin  the  cnrntn. 

The  removal  of  all  sucli  ohjcetii  is  most  easily  ucconip1ii«liP<1 
with  a  Daviel  s|k>oii. 

It  much  of\ener  happens  that  small  splinters  of  iron  (frec[ueDtly 
r«1-hot),  piwcfi  of  glass  or  stone,  grains  of  powder,  etc,,  strike 
uj>on  the  rornea  and  imlxsl  themi^elvej?  in  its  sulistanc«. 

It  is  generally  very  ea^y  to  see  the  foreign  bwly.  It  is  difficult 
only  when  very  small  dsirk  IxMliis  are  ItMlgcd  near  the  centre  of 
the  cornea  ugujni^t  the  dark  baekground  of  the  pii|)il.  But  even 
then  the  diagnosis  is  easy  with  the  help  of  focal  illumination. 

Tlie  removal  nf  fnreijjn  bmlles  which  fiave  penetrateil  the  cornea 
is  best  done  witb  a  fiat  curved  cataract  needle,  while  the  lids  are 
kept  apart  with  the  thumEi  and  first  finger  of  the  left  hand.  With 
very  restless  patietits  it  may  be  nceeHsary  to  introtluce  a  lid  specu- 
lum a]id  hold  the  eyol^all  with  the  tootbe*l  forceps. 

If  there  be  great  irritation,  it  is  well  to  drop  a  solution  of  atro- 
piiic  in  the  eye  after  the  removal  of  tiie  foreign  body. 

When  foreign  Iwdies  [xjuetrate  the  cornea  and  pass  into  the 
anterior  chamber  they  cause  iritis,  and  if  they  wouml  the  lens, 
traumatic  cataract  also. 

Tlie  best  metluMl  then  is  to  open  the  anterior  ehamlier  with  a 
lance  or  small  cataract  knife  at  the  margin  of  the  cornea  as  near 
the  foreign  bo<ly  as  possible,  and  attempt  its  removal  with  a  hook 
or  forcejvs.  If  the  foreign  body  be  lodged  in  the  iris,  iridectomy 
16  generally  unavoidable. 

As  a'nde,  however,  foreign  bodies  which  have  penetrated  the 
cornea  do  not  lo«lge  in  the  iris  or  lens,  but  find  their  way  to  the 
fundus  of"  the  eye. 

Su^ierficial  injuries  of  the  i^rnea  witfi  bluut  iustruments,  cause 
often  only  a  circiims<'rtbe<l  loss  of  epithelium,  which  is  best  recog- 
nized by  showing  the  reflection  of  the  wintlow-frame  as  it  passes 
over  the  edge  of  the  defect. 

These  injuries  generally  cause  great  irritation.  Atropine,  cold- 
water  drcMsings,  or,  wlien  these  are  not  enough,  the  ]»rcssure- 
baudage,  are  the  proper  reme<iies. 

Small  suj>crficial  losses  of  substance  of  the  cornea  generally 


RBLAPStKO  CTCATRICIAL  KKRAmVB. 

assume  vcrv  soon  r  bright-gray  color,  and  appear  ujwii  focal  illu- 
luiimtion  to  be  surroundtHl  by  a  su|K'rfic-ial,  dtifiiHO,  dull-gray 
clouding.  The  process  rnay  go  on  to  heading,  <»r  the  HjKjt  may 
attsuine  u  uiorc  yellowi.sh-whitc  color,  oiid  there  generally  a|>[)ciir 
in  the  deeper  |»arts  of  ilie  cornea  peculiar,  8triat*<l,  gray  <)])ttci- 
ties,  2  or  3  ram.  in  length,  which  are  very  api»urent  on  focal 
illumination,*  If  properly  treated  from  the  very  first,  these 
injuries  ulmoi^t  invariably  run  a  favornble  course.  Quiet,  anti- 
phlogi.-^tie  diet,  cold-water  dressingrt,  and  atropine  are  genenilly 
sufficient.  Neglect  of  these  caecd  is  very  apt  to  lead  to  purulcut 
keratitis. 

\vry  slight  wounds  of  the  cornea  often  leave  behind  them  a 
])eculinr  form  of  relapsing  keratitis.  After  slight,  even  imi)cr- 
ceptlble  (nui^ef;,  there  occur  the  same  complex  symjitomB  a.s  with 
traumatie  keratitis,  namely,  swelling  of  the  lidK,  laehrymatioii, 
pains  in  the  eyes,  often  litreaming  through  the  whole  distribution 
of  the  Kfth  nerve,  photophobia,  contraction  of  the  pupil,  injection 
of  the  conjunctiva  sclenc,  and  hy]>enemia  of  the  cmwdwl,  radi- 
ating, fine  eonjunctival  vessels  ab<jut  the  margin  of  the  coniea. 
Upon  the  oomea  is  a  small,  gray,  often  swollen  opacity,  witli  or 
without  loss  of  its  epithelium.  It  is  often  remarkable  how  very 
slight  are  the  changes  visible  in  the  cornea  in  compjirison  with 
the  intensity  of  the  infiammatory  symptoms.  The  treatment  at 
first  is  the  same  as  that  of  traumatic  keratitis.  If  the  irritab[c 
ccnidition  has  lasted  a  king  time,  warm  fomentations  are  U'tter 
than  cold.  ^Vs  af^er-trcatment  it  is  well  to  continue  for  some  time 
duhting  calomel  into  the  eye. 

Similar  cases  of  cicatricial  keratitis  also  occur  in  uon-traumatlo 
ficara. 

Perforating  wounds  of  the  cornea  varj'  greatly  aoconling  to 
their  nature.  Accidental  wounds  of  course  vary  in  size,  and  are 
generally  more  or  less  bruis<>ti.  In  most  cases  the  afpieous  humor 
flows  awav  immeilintelv,  and  if  the  wound  Iw  not  too  small  there 
is  prolaiMiK.*  of  the  iris.  Kreituently  there  is  at  the  same  time  a 
wound  (}f  the  lens  and  tniumatic  catamct. 


*  Thiwo  dwp-i^j,  itrialtMl  opacttiM  occur  not  only  in  trniimittic  koratitu, 
u,  for  iniiriince,  in  all  woundi  cKosed  by  operations  ii[K)d  tho  comen,  btit  aUo 
very  oflfn  in  keratitis  of  any  form,  nml  cannot  ttinrcfurff  hv  regarded  lu  sn 
indeiK'ndent  form  of  diu.'ase.     Thvy  genurally  disappear  culiroly. 
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Absolute  rest,  atropine,  and  tlie  pressure-bandage  are  generally 
tlic  6rst  indioitioHH  to  Im  ftilHlUtl  in  jxtrfnntting  oorncnl  wotindt). 
If  |)n>Ia|we  of  llie  irin  h:vs  oa^iirred,  it  is  but  seldom,  aiid  then 
only  during  tlie  first  few  hours  after  the  injiiry^  that  its  reposition 
Ls  possible.  The  rojinsition  is  liest  attemptod  during  cbhjrofonu 
nureosrs,  by  rubbing  lij^lnly  with  the  up|w?r  liil,  or  havinj^  at- 
tempted this,  the  aqueous  humor  contained  in  the  prolapse  nmy 
be  emptie*J  into  the  anterior  ehanilier  by  suitable  diretrt  pressure, 
made  with  a  Daviel  spoou^  and  then  the  attempt  at  reptje^iliou 
b^un  anew;  if  it  be  not  Hucoossful,  the  prolapse  Khould  be  out 
away  with  the  fteissors. 

The  intlatnniation  excited  by  wounds  in  the  cornea  may  cau^ 
its  destruction  to  a  greater  or  less  extent,  or  may  set  up  iuHam- 
mation  in  the  de(?iK?r  part;*  (irido-ehoroiditis  !ranmati<-:i)  ending 
in  .supj)nration  and  atrophy  of  the  eye,  or  in  blindness  with  the 
development  of  scleral  staphyloma. 

Those  woundn  whirh  (x-enr  at  the  junction  nf  the  pcleni  with 
the  cornea,  involvinj;:  at  the  same  time  the  ciliary  btwly,  arc  most 
dangerouB,  for  the  reason  that  they  much  oftener  than  any  others 
(aiUHO  sym|>athetitr  disease  vi'  the  othor  eye. 

Injuries  to  the  eoruca  from  substances  which  act  chemically,  as, 
for  instance,  burns  from  melted  metals,  mineral  acids,  lime,  etc., 
arc  ^i»erally  of  a  very  dangcnius  chamcter.  Tliey  are  often  very 
extensive,  not  only  involving  the  greater  jiart  of  the  cornea  but 
also  extending  into  the  conjunctiva,  and  therefore  generally  cau.'^c 
symblepharoii.  There  often  develops  alwjut  the  wound  in  tlie 
cornea  a  purulent  iiiflaninmtion,  whicli  may  extend  over  the  whole 
cxjrnea,  or  even  itito  the  iris  and  choroid,  thereby  causing  panoph- 
thalmitis. Even  where  the  course  is  more  favorable,  there  often 
remains,  as  a  consequence  of  the  intense  traumatic  keratitis,  a 
clouding  of  parts  of  the  cornea  not  directly  injuittl. 

Tumors  of  the  cornea  are  generally  situated  upon  its  margin, 
and  offt^n  extend  over  u|x)n  tlie  conjunctiva  or  down  into  the 
sclera. 

The  first  to  be  mentioned  are  the  congenital  dermoid  tumors, 
which  vary  from  the  fr;ize  of  a  Iiemp-seed  to  that  of  a  |>ea,  and 
ai'e  frequently  covered  with  hair.  If  they  become  annoying  they 
should  be  seized  with  the  tootticd  foniciKs  and  removcil  with  the 
catanurt  knife.  \ 
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Cancroid  in  this  rt^ion  may  begin  upon  either  the  cornea  or 
the  eoiijiinotiva. 

Melanoma  and  melano-siircoma*  of  the  eye  develop  usually 
upon  tJie  margin  of  the  cornea^  and  it  ia  generally  only  at  this 
plat-e  that  they  are  firmly  attorliwl  to  the  wall  of  the  eye;  poste- 
riorly they  are  continuous  with  the  eonjunctivu,  and  movaUie  with 
it  uptHi  tlie  sclera;  anteriorly  they  grow  over  the  cori»eaj  and  nmy 
thus  entirely  destroy  vision,  wliiln  the  cyehnll  pn'sents  only  the 
appearance  of  a  tumor  prtfjeciing  from  tliu  jialpebral  fissure. 
Nevertheless,  the  extirpation  of  the  oyc  should  not  l>e  immediately 
resorted  to,  since  the  removal  of  these  tumors  frrtm  the  sclera  in 
not  difficult,  and  they  do  not  |K'uetrate  into  the  substautia  propria 
of  the  cornea.  They  niay,  therefore,  he  easily  ])ce]ed  off,  leaving 
only  au  unevennesH  of  the  epithelium,  which  soon  becomes  smooth. 
At  the  corneo-scleral  hotindary,  the  place  of  origin  of  these  mor- 
bid growths,  the  extirpation  nnist  Iw  made  with  great  (rare  and 
thoroughness.  ^ 

The  arcu-M  wnilis,  or  gerontoxon,  is  scarcely  to  l>e  classed  among 
the  patliological  affections  of  the  eye,  aiiice  it  invariably  octiurs  in 
old  age.  Tiie  brighter  color  seen  about  the  margin  of  the  cornea 
is  due  to  a  fatty  tlegoneration.  lx)lh  of  the  intercellular  subatanee 
aod  of  the  «)rueal  corpuscles. 


DISEASES  OF  THE  SCLERA. 


ScLERiTis  A>'D  EpiscTXRiTis. — The  inflamiuation  of  the  cpi- 
goleral  ami  pnlemi  tipsue  is  characterize*!  h_v  cirenmscribwl  hypcr- 
irmiti  and  swelling  of  a  region  generally  Bome  millimetres  tllstuiit 
from  tlie  margin  of  the  cornea. 

The  hyjwnemia,  which  is  at  first  hright  reel,  becomes  darker  in 
time,  assuming  a  violet  shade,  while  the  swelling  is  sometimes  flat, 
gradually  disapfX'aring  in  tlie  general  surface  of  the  sclera,  Rome- 
times  circumwrihfHl,  forming  a  hemispherical  prominence  of  per- 
haps the  size  of  a  pea.  In  the  latter  ease  the  affection  very  much 
rcsenihlcs  the  hmad  phlyctenular  conjunytivitis,  hut  differs  from 
it  ill  the  fact  that  the  infdtnition  is  not  in,  but  under  the  <vm- 
junctiva. 

In  cases  where  the  course  is  fnvomhle,  the  swelling,  in  the  course 
of  Hcveral  weeks  or  months,  griulually  disapi>ears,  the  violet  shade 
passing  into  a  slate-gray  and  then  into  u  leiul-colored  spot,  which 
may  finally  fully  disappear,  or  may  remain  aa  a  slight  disc<ilor- 
ation. 

We  may  distinguish  u  simple  scleritis  from  that  form  compli- 
cated with  keratitis  and  iritis.  In  simple  scleritis  the  ainioyances 
are  generally  not  very  great;  still,  the  acute  stage  may  be  accom- 
panied by  cjuite  severe  pain.  The  course  of  the  disease  in  each 
centre  of  inflammation  requires  generally  from  four  to  six  weeks; 
still,  the  entire  process  may  lie  very  much  prolonged,  from  the 
fact  that  several  attacks  of  episcleritis,  afiecting  different  localities, 
follow  one  after  tlie  other. 

Frequently  there  seem  to  be  a  predisposition  to  the  disease  and 
a  tendenc^y  to  relaj)ses. 

At  Hi-st  a  derivative  treatment,  by  mild  cathartics,  etc.,  is  indi- 
cated. Where  there  is  severe  pain,  and  in  general  during  the 
progressive  stage  of  the  ioflainmaj-ion,  good  results  often  follow 
the  use  of  atropine.  If  this  dn  not  prove  sufficient,  tnkewnrm 
fomentations,  or  dry  warmth,  or  morphine  injections  in  the  aupra- 
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orbital  region,  or,  if  ne<vssar},  ]ewlic-»  on  tlic  temple,  slioiild  be 
tried.  In  tlie  luter  sla^^e,  calomel  Justetl  iuUi  the  eye,  liastous  the 
iCBorption  of  the  exudate. 

Simnle  non-com ])li«ited  seleritis  mnv,  however,  l>eeome  annoy- 
ing, jiartiy  by  |min,  imrtly  hy  iLs  te<liouj*  eoui>e  and  i'miuent 
rehi|»ses.  As  a  genenil  tiling,  however,  a  gcxxl  prognosis  may  be 
made.  On  the  contrarj-,  the  form  which  is  complicated  with 
keratitis  an<i  iritis  is  a  very  (hingerous  disease. 

In  these  latter  cases  tlie  seleritis  genemlly  l>egin.s  witli  very- 
severe  symptt)ms.  AftiT  tlicre  have  existetl  for  H»me  days  the 
8vmptoni8  of  a  pevere  intiammation  of  the  eye,  witli  excessive  in- 
jection of  the  w>njutictiva  throughout  its  whole  extent,  luehryma- 
tion,  pitin,  etr*.,  but  still  without  special  loi^alixation,  there  appears 
a  distinct  swelling  of  the  sclem,  either  occupying  a  greater  or  less 
spjice  about  the  cornea,  or  forming  a  livid  gray-red  hemitsphericid 
elevation.  Several  sm^h  swelling?  may  appear  at  the  same  time. 
After  porae  days  there  tlrvelojw  in  the  neighboring  portion  of  the 
cornea  a  grayir^h-white,  opuijue  infiltration,  which  may  extend  to 
or  even  beyond  the  centre  of  the  cornea,  while  its  neighlmring 
parfas  show  a  smoky  clouding.  These  centres  of  inilamtnatiun  in 
the  sclera  and  cornea  are  both  painful  luid  lender  under  the 
slightest  touch. 

The  imrticipntion  of  the  iris  is  shown  by  adhesions  of  its  pu- 
pillar  margin  with  the  aipsule  of  the  lens. 

This  oomplieatnil  form  of  seleritis  is  in  every  rcs|wet  a  more 
severe  disease  than  the  r?ini|>k'one.  The  inrtainmatory  attacks  are 
more  painful  and  tedious,  the  rehi])ses  are  more  fre([tieut,  nnd  may 
finally  amse  blindness.  The  intensity  of  the  influmnmtory  process 
in  the  sclera  frequently  ciuiscs  a  thinning  of  the  place  aH'ected;  il 
becomes  more  yielding,  and  a  staphyloma  sclerre  is  the  re-sult. 
In  this  way  the  entire  anterior  portion  of  tlie  sclera  may  become 
distendeil  and  covered  with  a  mumiIht  of  dark  prunuueaees  al^mt 
the  size  of  a  pea.  Frequently  the  cornea,  too,  particijiates  in  this 
process  of  stretching  and  enlargement. 

In  othei'  cases,  in  wluch  the  thinning  of  the  anterior  f>ortion  of 
the  sclera  is  more  uniform,  the  eye  a^istimes  the  form  of  n  pear,  so 
tliat  its  «>rnea  projects  farther  forward  than  that  of  the  other  eye. 

The  grayish-white  infiltrated  portions  of  the  cornea  do  not 
clear  tip  again  ;  thick  bright  sj}ots  remain,  so  that  when  the  re- 
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lapses  have  l>ecn  frcquent,  st-arcely  a  perfectly  clear  plaoe  in  the 
oornwi  reinnins.  Finally,  the  adhesion  of  the  entire  margin  of 
the  iris  to  the  t-apsule  of  the  lens  brings  with  it  all  the  dangers 
connected  with  chronic  iritis. 

The  trpnlmont  dnriii|^  the  propjreisive  ntage  should  be  deriva- 
tive iuu\  rtiilipiilogUtic,  inchiding  local  blooil -let ting,  rold-w:Uer 
dressings,  mthartics,  etc.  Atrojnnc  is  to  Iw  used  frono  the  very 
first,  and  ci>ntinn(si  as  long  as  the  inflammation  la^ts.  In  the 
later  stages  of  the  diwrasc,  after  the  irritability  has  |>a>*sed  away, 
cahtmel  dusted  into  the  eye,  or  weak  mercurial  precipitate  salve 
(1  percent.),  does  good  jiervice. 

If  the  whole,  or  nearly  tlje  whole,  margin  of  the  iris  have  become 
adherent  to  the  ca|>6ule  of  the  lens,  the  operation  of  iridectomy  is 
indicatctl  in  order  to  avert  the  dangers  threatened  by  this  condition. 

STAPHYLOMA  OF  THE  SCLERA. 

The  so-cidlc<l  **staphyh>nm  ]K>sticnm  Scjirpn?,"  and  the  circum- 
scribed scleral  ectasia  whioli  utxnir  in  the  |>osterior  i>art  uf  the 
eye,  have  already  bten  nieiUiotiod  on  pages  33  and  45.  We  hfive 
here  to  oousider  the  staphylomas  which  occur  in  the  equatorial 
and  atiterior  part  of  the  sclera. 

They  consist  of  mon>  or  less  sharply  ilefinetl,  dark-bluish  prom- 
inences projecting  above  the  general  !«iirlUce  of  the  sclera,  either 
isolatwl  or  in  <»uyidenible  nunilMTs  near  one  another.  The  last, 
for  instance,  may  be  tlie  «i.se  near  the  cornea,  which  may  be  sur- 
rounded by  a  more  or  less  «»mpleie  circle  of  such  prominences,  or 
the  same  apjxrarance  may  be  presentoil  at  the  equatorial  part  of 
the  .eye. 

Among  the  diseases  svhich  may  lead  to  the  development  of  such 
sfciphylomas,  we  have  already  mentioned  that  form  of  scli-ritis 
which  is  connecteil  with  infiUratioti  uf  the  cotjiea  and  with  iritis. 

Cicatricial  staphyloma  of  the  cornea  may  extend  to  the  adjoin- 
ing portion  of  tlie  sclera.  Under  tliese  circumstant^es  the  usual 
deniaix-ation  at  the  base  of  the  staphyloma  is  absolutely  wanting; 
the  ant<'rinr  jiortion  of  the  eye  assumes  a  conical  shape,  aiid  the 
fituj>hyloma  without  any  sharply  defined  limits  extends  baclw  to 
the  equatorial  part  of  the  sclera.  These  are  always  cases  of  deeply 
disorganizwi  eyes,  in  which  generally  there  is  excavation  of  the 
optic  nerve,  in  consequence  of  increased  intraocular  pressure. 
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on>iil!tis  is  tlie  most  frequent  cause  of  scleral  staplivloma, 
e«q>ecially  those  forms  of  choroitlitiK  whicli  follow  upon  iritU  with 
al>S(ttute  closure  of  the  |>u[>il,  u])Oh  irauiuatic  irklt>-clioroiilitiis,  antj 
upon  the  later  stages  of  glaucoma. 

Ill  almost  all  these  ca.ses  there  is  l>l!ndne39  from  excavation  of 
the  optie  uerve  in  addition  to  tlie  scleral  staphyloma; 

Intraocular  tumors  may  likewise  o:iUiie  staphyloma;  sometimes 
by  rtnisceutive  choroiditis,  sometimes  by  the  sclera  being  directly 
forced  out  by  the  tumor. 

Finally,  cases  occur  both  cx>ngenital]y  aud  later  in  couiiectiou 
with  some  of  the  above  named  diseases,  in  which  the  size  of 
thf  eve  increases  nearly  unifurmlv  in  ull  its  diameters,  and  to 
which  ifl  given  the  name  hydroplithalnius  or  buphtlialmus.  The 
cornea,  too,  gener:dly  i>arti<'i]iatos  in  t\w.  general  diHtentinn,  and 
betH»mes  therefore  llaller.  In  tliis  wndittou  there  is  generally 
alisolule  blindness,  though  exceptionally  there  i*  some  remnant 
of  vision  in  t«nnection  with  a  high  ilegree  of  myopia. 

In  the  region  of  the  staphyloma  the  s^-lera,  choroid,  and  retina 
arc  generally  closely  atliierenl  to  one  another.  Some  cases,  it  is 
true,  have  been  observed  in  which  the  sclera  has  l>een  raised  from 
the  internal  membranes,  but,  as  a  rule,  the  distention  and  atrophy 
atre<:t  all  three  of  the  coate.  By  tliis  pnxiess  the  retina  is  trans- 
formed into  a  net^work  of  indifferent  connective  tissue,  and  at 
(he  same  time  is  often  infiltrated  with  pigment. 

The  consecutive  atrophy  of  the  choroid  generally  begins  with 
changes  in  the  pigmeut-cclls  of  its  stroma;  they  lose  their  color 
aud  disappear  giiidually.  .Sxin  the  choroidal  cai>illaries  begin  to 
atrophy,  while  simultaneously  the  pigment  epithelium  loses  its 
pigment  and  its  regular  disposition  is  disturbed.  Even  t[ie  large 
vesgeU  become  obliterated,  and  at  last  nothing  remains  of  the 
clioruid  but  the  delicate  tibres  forming  the  so-«illcd  clastic  net^ 
work  of  the  choroitlal  stroma,  the  lamina  vitrea,  and  an  incoiu- 
plele  and  irregular  covering  of  epithelium.  Even  these  remains 
of  tissue  may  so  disap]>eiir  that  nothing  is  lef^  but  a  thin  struo- 
tun*les6  transparent  membrane.  On  the  other  hand, "cases  occur 
in  which  sin)uIt:ineoUr<ily  with  the  diKtention  of  the  choroid  the 
formation  of  new  tissue  seems  to  take  place  in  it.  One  would 
expect,  and  as  a  rule  it  is  generally  found,  timt  the  consequences 
of  the  distention  of  the  choroid  arc  a  diminution  of  the  calibre 
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of  ite  cnpitlaries,  an  extension  of  its  inter  vascular  spaces,  luul  a 
sc]>arHtLon  from  each  other  nnd  n  tinttciting  of  its  individual  epi- 
thelial cells;  but  cases  occur  tii  wliidi  the  appearances  are  directly 
the  opi>odi(e.  The  vessels  of  the  choroid  are  of  normal  or  more 
than  normal  breadtb,  the  intervascular  6[>aoes  are  smaller,  the 
pigment  opitholiutn  small  and  ro^uhirly  disi>osod. 

Stiphyloma  in  the  region  of  the  ciliary  body,  and  extending  to 
the  riiarf^'in  of  the  cornea,  generally  leads  to  destruction  of  the 
zonula  and  luxation  of  the  lens. 

Frequently  tliere  is  a  detachment  of  the  iris  from  the  ciliary 
body,  HO  that  the  atJiphyloniatouK  diateiitinn  takes  place  l>etween 
the  two.  In  other  cases  the  normal  ccinnection  between  tlie  iris 
and  the  ciliary  body  is  raaintaini'd^  and  the  ridges  of  the  ciliary 
processes  are  found  in  front  of  the  staphyloma. 

The  (henq>eutic  indications  are  very  limited.  A*ision  is  gen- 
erally destroyed,  and  even  if  it  be  not  entirely  lost,  that  fact  ofl'ers 
no  promise  for  an  improvement. 

Operative  interference  may  be  indicated  fmm  fear  of  sympa- 
thetic disease  in  the  other  eye,  esi>ecially  when  the  staphyloma  is 
of  traumatic  origin  and  when  the  eye  continues  painful.  Under 
such  circumstances  enucleation  of  the  eye  is  the  only  operation 
from  wfiich  any  gtJtjd  result  can  be  expe<rted. 

Frctiueutly  it  is  desirable  in  the  case  of  an  abeohitely  blind  eye 
to  effet^t  a  oisrnctio  improvement  by  making  it  ptjssiblc  to  wear 
an  artificial  one.  This  inilication  is  not  an  easy  one  to  fulfil.  In 
these  seriously  disorganized  eyes  an  operation  by  the  method  de- 
scril)ed  for  corneal  staphyloma,  is  very  likely  to  lead  to  intraocular 
hemorrhages  and  paimphthalmitis,  which,  after  running  a  painful, 
tedious  course,  generally  leave  a  very  small  stump. 

On  the  other  hand,  eiiucleatiou  under  these  circumstances  is  apt 
to  leave  a  condition  very  unfiavomble  for  the  use  of  an  artificial  eye. 
If  the  staphyloma  of  the  eyeball  has  been  considerable,  the  orbital 
fat  is  much  reduced,  and  as  a  consequence  the  coujunctival  sac  drops 
farther  back  in  the  orbit  than  otherwise.  The  artificial  eye  has  then 
only  isligbt  uinvtiuonj,  and,  moreover,  feels  so  uncomfortable  that 
many  such  patients  finally  prefer  to  diK[X!nsti  witli  it  entirely. 

For  the^  reasons  Vou  Graefe*  made  the  attempt  to  cause  a 
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moderate  degree  of  atrophy  in  the  eye  by  an  artificially  induced 
choroiditis.  An  onlinan*  double  silk  thremi  is  passctJ  through 
the  vitreous  b«>dy  in  8U(?h  a  way  a-s  to  include  in  the  .suture  a 
flcleral  bridge  8  or  10  mm.  in  breadth.  The  ends  of  the  thread 
arc  to  be  simply  tied  in  a  loose  knot  to  koop  thtni  In  [>osition. 
The  thread  should  not  be  passed  through  too  thin  a  portion  of 
the  sclera,  as  the  inSanimation  there  set  up  might  be  too  severe. 
So  soon  as  an  evident  HwelHng  of  the  scleral  conjunctiva  and  a 
limitation  in  the  movement*  of  the  eyeball  announce  the  begin- 
ning of  a  purulent  chorrnditis,  the  threit<]8  shoidd  be  removed  an<l 
warm  fomentations  or  uita]>lasmB  applied. 

if  tliere  be  any  symptoms  which  suggest  the  danger  of  a 
sympathetic  affection  of  the  other  eye,  this  method  should  not  be 
resorted  to,  and  enucleation  is  the  only  course  leil. 


DISEASES  OF  THE  IRIS. 


luiTis  ij?  oue  of  the  must  iiii|K>rUuit  diseases  of  tlie  eye,  both  on 
account  of  itii  siid  tenninatimi  in  many  cases,  nml  on  aceoimt  of 
the  ceitainty  witli  which  in  the  great  luiijority  of  cases  it  yields 
to  prompt  treatment. 

.The  typi«il  form  of  this  disease,  and  also  the  most  frequent,  is 
thai  which  may  be  calle<l  "Idiopathic  Iritis." 

Durinj^  its  first  stage  the  inHanimntory  symptoms  are  often  so 
slight  a^  to  escape  tlie  ob^rvatioii  of  the  ]>aLient.  His  attention 
is  first  arrested  by  an  iiKliatinctncss  of  vision  and  an  inability  to 
use  the  eyes  continuously. 

Soon,  however,  there  a|tpears  a  deep-seated  injection  surrounding 
the  cornea,  due  to  a  hyperseniia  of  the  radiating  vessels  occupying 
this  zone.  This  liypeiflBinia  gradually  exten<ls  to  the  su|>erfinal 
conjunctival  vessels.  There  is  generally  no  pain  at  first,  but  it 
bc'comes  very  severe  when  the  infianimation  reaches  its  highest 
point ;  in  idiopathic  iritis  the  pain  stands  in  quite  uniform  relation 
to  tfie  severity  of  the  inflammation. 

The  pains  are  not  generally  limited  to  the  eye,  but  extend  upon 
the  supraorbital  region  or  over  the  distribution  of  the  sensitive 
brmichcs  of  the  fii'th  nerve.  Tlicy  generally  increase  at  nighty 
an<i  may  become  inr*ufterable.  A  copious  ilow  of  tears  generally 
accomjianies  the  attacks  of  pain. 

The  clouding  of  tlie  cornea,  too,  stands  in  close  relation  to  tlie 
degree  of  the  inflammation.  At  first  and  in  mild  cases  it  merely 
dulls  the  appearance  of  tlie  eye,  and  the  j)atieut  experiences  only 
a  sliglit  diaiuess  of  vision.  Even  by  focal  illumination  it  can 
often  be  detected  only  by  oomparisou  with  the  other  eye.  VV'Leu 
the  inflammation  is  more  severe,  the  smoky*gray  o))acity  of  the 
cornea  may  be  seen  with  the  naked  eye.  The  epithelial  surface, 
seen  through  a  magnifying  gloss  and  by  focal  illumination,  appears 
jiunctated  and  uneven,  while  in  the  deeper  layers,  short,  gray 
striatioas  are  often  visible. 
882 
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A  change  of  color  is  notit-eable  in  the  iris,  appearing  first  in  the 
1  minor,  \vhii.'li  afi8timcs  a  dnrker  color,  thon  in  tlio  c^'trcuhm 
wliich  in  biue  eyes  l>Gcoiat?s  green  and  in  <iarker  eyes 
assumes  a  reiUlish  tinge.  The  change  in  color  is  probably  due  to 
a  aaturalion  with  bhiu(l-<.*oloriug  niuUer;  at  Uiist  that  Is  indicated 
by  the  fact  that  the  same  chan^!>  occur  without  any  trace  of  iritis 
simply  in  consequence  of  a  subconjunctivnl  hemorrhaj^.  Thi^ 
obser^'ation  is  nuwt  frequently  made  after  operations  for  .s(|uiiU. 
The  same  greetiish  discoloration  of  the  iris  may,  however,  be  due, 
especially  where  there  is  choroi<litis  witli  hemorrhage  in  the 
vitreous,  to  a  yellow  crjlor  of  the  aqueous  humor,  for  under  these 
circumstances,  when  the  cornea  is  punctured  and  the  ac[ueous, 
humor  allowed  to  flow  away,  the  greenish  discoloration  of  thu  iris* 
is  not  uufrequently  seou  to  disappear  and  the  uormal  color  to 
return. 

The  most  imjwrtant  symptom  of  iritis  is  the  adhesion  of  the 
pupillary  margin  of  the  iris  with  the  capsule  of  the  lens.  This  can 
be  easily  recognized  by  Coc.A  illnnilnation,  and  whi*rc  there  is  :inv 
doubt  it  cau  be  made  |ierfeetly  evident  by  atropine.  Tlic  pu[»illary 
margin  can  retract  toward  its  periphery  only  in  thoee  |)ortious 
where  it  is  freely  movalile;  the  jjortions  whi<'h  are  adherent  to 
the  capsule  are  held  fast,  and  the  pupillary  o|>euiag  assumes  id 
consequence  a  very  irregular  form. 

Recent  adhesions  can  gcuemlly  l>e  torn  thnniirh  by  atropine, 
leaving  behind  pigment  upon  tlie  cajMuIe,  while  if  the  adhesions 
have  existeti  some  time  this  seldom  ixx'urs.  Although  posterior 
synechiffi  are  caused  only  by  iritis,  still,  in  any  given  case,  when 
the  diagnosis  of  iritis  cannot  I)e  made  out  from  other  signs,  there 
may  l>c  doubt  whether  the  synechia  is  a  symptom  of  an  existing 
afiection  or  whether  it  is  the  reeiduum  of  a  }»rocess  which  has  long 
since  nm  its  course. 

The  limitations  in  the  movements  of  the  iris  which  are  connci^tcd 
with  iritis  appear  to  deiiend  principally  u]K)n  the  presence  of  these 
Bynechiffi.  At  fir*it  and  so  long  as  no  synechise  are  present  the 
iris  remains  movable,  and  at  a  later  stage  it  still  move^  as  uiiieh 
as  these  adhesions  will  allow. 

It  is  only  in  the  most  severe  forms  of  idiopathic  iritis  that 
h>i>opion  or  an  exudate  having  a  fibro-gelatiuous  ai)peanuict  is 
seeu  in  the  anterior  chamlrer. 


BELAPSWQ   IRITIS. 

The  caiiws  of  this  form  of  iritw  are  often  of  n  rheumatic  nature, 
and  for  such  cases  the  name  "rheumatic  iritis"  is  very  suitable 
Frequently,  howover,  no  cause  can  Iw  determined  with  certainty. 

In  the  majority  of  cases,  if  there  be  pro|>cr  treatment  from  the 
bej;innin|r,  recovery  is  reached  in  the  course  of  from  4  to  6  weeks. 
In  mild  cases  the  course  may  he  shorter,  hut,  on  the  other  lianH, 
relapses  may  greatly  delay  the  entire  disapixiaranoe  of  tlie  inflam- 
mation. 

The  treatment  of  idiopathic  iritis  is  verj-  simple.  The  eyes 
must  not  be  used ;  they  must  be  protected  from  all  harmful  influ- 
ences, such  as  dazzling  light,  smoke,  etc. ;  there  must  be  mild 
antiphlogistic  treatment,  aud  still  more  important  and  indispensa- 
ble  is  the  use  of  a  1  |>er  cent,  solution  of  the  sulphate  of  atropia. 
A  dn)p  of  this  must  at  fii*st  be  placed  in  the  conjunctival  sac,  say 
every  (ive  minutes,  till  the  greatest  fwssible  mydriasis  is  obtained ; 
after  this  only  so  much  atropine  is  to  be  used  as  is  necessary  to 
keep  the  pupil  dilated. 

Under  this  treatment  adhesion?  Ijetween  the  capsule  of  the  lens 
and  the  margin  of  the  pupil,  it"  they  have  not  cxiste^l  longer  than 
a  week,  are  generally  broken  up;  older  adhesions  are  somewhat 
stretched,  but  generally  not  torn  through. 

Freiiuently  there  is  an  evident  remission  of  the  inflammation 
so  soon  as  a  safGcient  action  of  the  atropine  is  once  obtained,  aud 
the  disease  then  goes  on  uninterruptedly  to  recovery.  In  severe 
cases  exaceralmtions  of  pain  recur  in  spite  of  complete  mydriasis, 
especially  at  night,  and  often  with  a  simultaneous  exacerbation  of 
all  the  inflammatory  symptomp,  aunh  as  incrcasetl  vascular  hyper- 
a;mia,  copious  lachrymaliou,  dense  clouding  of  the  cornea,  aud  a 
rccontraction  of  the  previously  dilated  pupil. 

Warmtli  shctuld  be  employed  during  the  attacks  of  pain;  the 
eye  aud  the  entire  half  of  the  face  should  be  covered  witJi  wad- 
ding, or,  when  the  pain  is  very  severe,  8ul>cntflneou8  injections  of 
nmrphine  may  l>e  made  in  the  supraorbital  region.  The  appli- 
cation of  leeches  upon  the  temple  is  also  oilen  useful  in  allaying 
the  jmin. 

There  is  a  form  of  iritis  nearly  allied  to  the  idiopathic.  Its 
single  attacks  are  exactly  like  it,  and  in  its  whole  course  it  differs 
from  it  only  by  its  frequent  relapses.     Such  ^^atients  are,  for  an 
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inc1ot<^riiiin8te  length  of  time,  at  iutervaU  of  a  moiitli,  or  longer, 
attacked  more  or  less  severely  with  iritis.  It  is  not  strange  that 
such  |iers(»ns  generally  have  a  number  of  iritin  atlhesions;  and 
still  thig  fact  is  tlic  only  ground  n{)<ni  which  is  basett  the  gen- 
erally aooepted  assertion  that  tlu^n  adhesions  are  the  cause  of  the 
relapees. 

The  possibility  of  sucli  a  causal  connection  of  course  cannot 
be  denie<l,  but  the  numljer  of  persons  who,  in  spite  of  nnnicrons 
posterior  eyuechia',  do  not  sutfer  from  rt^lap^ing  iritis  is  too  great 
for  us  to  admit,  without  hesitation,  tliat  the  synechtte  are  the  cause 
of  the  rela|)ses,  and,  moreover,  oases  oceur  in  which  the  relapses 
appear  to  be  entirely  independent  of  any  adhesions.  I  have  seen 
patients  with  numerous  syneehise  in  both  eyes,  who  for  u  long 
tin»e  were  affected  with  rela|»sing  Iritis  only  in  one  eye,  and  then 
suddenly,  without  any  apparent  cause,  tlie  disease  left  the  hitherto 
aflccted  eye  and  appeared  with  tlie  same  obstinacy  in  the  other. 
Finally,  I  have  known  cases  which  from  the  beginning  were 
properly  treatetl  with  atropine,  in  whicli  no  synectiia*  remained, 
and  which  still  were  not  ])rotected  fn)m  fre<iuent  relu|wes  wljich 
ooc-urre<l  without  auy  apparent  cause. 

Often  the  causes  for  relapses  of  iritis  cannot  l>e  certainly  de- 
termined. They  may  Ijc  due  to  syphilis,  but,  as  a  nile,  rela]>se3 
due  to  that  cause  follow,  with  veiy  short  intervals,  one  after  the 
other.  Colds  are  often  regartled  Ijy  the  patients  as  the  cause. 
In  many  i^^ises  anomalies  in  the  ciroidaiion  nf  the  nasal  mucous 
nicmbrune  apjtear  to  precede,  and  stand  in  connection  with^  the 
attacks  of  iritis. 

In  all  these  cases  each  relapse  should  be  treatwl  according  to 
tlie  above  rules,  unless  the  etiology  of  the  jmrtieuiar  case  should 
suggest  special  indications. 

So  long  as  there  remains  a  freely  movable  portion  of  the  pupil- 
lary margin  between  tlie  adhesions,  relajising  iritis  does  not  involve 
the  danger  of  blindness;  but  tlie  condition  is  a  very  serious  one 
so  soon  as  the  adhesion  of  the  entire  pupillary  margin  with  the 
CB|>sulc  has  formed.  This  condition  is  liable  to  occur  with  any 
neglected  or  badly  treated  acute  iritis.  Wlien  it  does  occur,  the 
inflammatory  symptoms  are  generally  very  severe,  and  in  adflition 
to  tiiose  meutioned  above,  there  is  a  gray,  fibrinous,  ctmgulated 
exudate  in  the  pupil.     Simultaneously  the  jrerjphery  of  the  iris 
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is  driven  forward.  It  may  still  l>e  p<waible,  by  the  energetic  u«e 
of  a  1  or  2  \yer  cent,  soliuioji  of  atropine,  to  nipttire  the  adhesions, 
and  so  avert  the  dangers  eonne*!te<l  witli  them. 
'  These  annular  adhesions  of  the  |>u]MlIary  niui^in  occur  tnnj^t 
frequently  in  eonseqnenee  of  chronic  rtOai>sing  iritis.  The  mar- 
gin of  the  pupil  appears  attached  to  the  capsule  of  the  leas  by  a 
gray  baud  of  new-formed  tissue,  of  a  greater  or  less  breaidth. 
The  pupil  is  eonsiflerably  contracted,  and  either  has  no  furtlier 
deposit  williin  it,  or  may  be  o<ivere<l  with  a  ne\v-fornie<l  tissue, 
in  which,  upon  microecopie  exaraiimtion,  numerous  pigmeut^vlls 
and  often  bhK>d-vessels  are  found. 

So  long  as  a  .small  portion  of  the  pupillary  margin  remains  free 
and  a  communication  exists  between  the  anterior  and  posterior 
ohamberSj  the  iris  remains  in  its  nnrmiil  ^xtsition  ;  but  so  soon  afi 
the  annular  adiicaiou  of  tlie  margin  of  the  pupil  beoomus  complete, 
the  eye  is  in  great  danger.  The  periphery  of  the  iris  is  driven 
forwaril  by  the  aceinnnlation  rif  flind  in  the  piwtenor  chamlM-r, 
so  thai  Liie  margiit  of  the  pupil  apiK'ars  sunken  like  a  crater. 
The  different  portions  of  the  jwripherk'  of  the  iris  are  generally 
niit  uniformly  driven  forward,  but  are  somewhat  irregtdarly  prom- 
inent,— partly  Iwcaitse  some  [wrtions  of  the  tissue  of  the  iris  are 
more  distensible  than  othei*s,  and  partly  bwiiuse  the  a<lhesion  ia 
eveiy  place  is  not  confine<l  simply  to  the  margin  of  the  iris,  but 
extends,  at  certain  ]>oints,  more  or  less  outwartl  towartl  the  jwriph- 
ery  of  the  uveal  layer. 

Th<^  fluid  a<-('umuluted  in  the  posterior  chamber  consists  pmJ>- 
ablv  of  a(|Ueou«  humor  mixeil  with  exudates;  at  all  events,  it 
appears  of  a  yellow  color  when  it  flows  out  during  the  opemtion 
of  iridecttHuy.  The  attacks  of  iritis  now  follow  very  rapidly  one 
after  the  other,  or,  in  consequence  of  these  frequent  exacerliatioris, 
there  develops  a  chronic  inflammatory  condition,  which  generally 
extends  to  the  choroid.  In  this  manner  there  generally  comes  on 
a  clouding  of  all  the  refracting  me<lia.  The  acute  inflammatory 
attacks  are  ac(*otnf)anle<l  by  cl<iuding  of  tlie  conica,  the  disease 
extends  to  the  choroid,  and  then  appears  a  ilifluse  clouding  of  the 
vitreous  body^  and  at  a  later  stage,  o[>acitv  of  the  lens. 

The  loss  of  vision  does  not,  however,  depend  simply  ujwin  the 
clouding  of  the  refracting  me<lia.  Where  the  disease  lasts  a  long 
time,  severe   intraocular   complications   are   sure  to   occur.     In 
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most  cases  thcnc  eyes  beconip  abnormally  mf\j  and  nnatly  atrophic, 
but,  on  tlie  othor  liand,  iiicreasetl  iiitrnocular  pressure  and  exwiva- 
tion  of  the  optir  disc  also  o<'<;ur,  and  not  inlVequently  cud  in 
stapliyloma  of  the  sclera. 

When  tlie&e  complications  l>e^in  to  develop,  the  eonseqiienoc  is 
that  vi&ion  become^  nnicb  poorer  than  can  be  explained  frnin  the 
wMidition  of  the  pnpil,  which  may  l)e  distliictly  seen  by  ftK»l  illu- 
mination. The  field  of  vision  Hhoiild  be  teste<l  with  gn*at  rare, 
eince  any  defecU  in  it  always  indicate  some  serious  intra<»cnlar 
complication,  generally  excavation  of  the  oj>lic  nerve  or  detneh- 
ment  of  the  retina. 

Amonj^  the  objective  Hyinptonis,  the  resistance  of  the  eyeball  is 
to  be  jtartinilarly  olwcrvetl.  Increaserl  lianhicss  indi(«te»  optio- 
nerve  excavation,  decreased  hurdncKs  indicates  detachment  of  the 
retina,  or  a  slight  atrophy  of  the  vitreous  body,  due  to  an  in- 
Aanimatory  degeneration  of  the  retina  de[)cndent  *)n  a  chronic 
elioroiditiH. 

It  is  generally  difficult  or  inipo^ible  to  make  an  exact  ophtbal- 
moficopic  dia^itosis  of  the  compli<'jition,  on  accoinit  of  the  contrac- 
tion of  the  pupil  and  the  0{>acities  in  the  refracting  media. 

It  is  noti<-enble  that  this  form  of  iritis  in  the  m:i|<tri(y  of  cases 
exii^tfi  in  both  eyes  at  the  same  time,  although  in  dilferent  stages 
of  development.  It  is  therefore  not  iniprol>able  that  it  is  due  to 
eomc  unknown  anomaly  in  the  oonstitutiou  or  perhaps  in  the  eyes 
of  the  jMitient. 

When  adhesions  have  formed  around  the  entire  jmpillary  mar- 
gin, and  the  iri»  is  driven  ibrwarfl,  the  disease  if  neglected  leads 
to  incurable  bllndiH_>Hs. 

The  annular  adhesion  of  the  niarj;in  of  the  iris  cannot  be 
broken  up  by  the  use  of  atropine,  and  all  internal  merlicjition, 
including  mercurials  which  were  formerly  often  em])h»y«l,  has 
provetl  wholly  inefficacious  against  this  dise:Lse.  Iridectomy  is 
the  only  means  by  which  to  check  this  destructive  prtx-es^. 

It  was  formerly  thought  that  the  o|ienttioii  sliould  l>e  restricted 
to  those  casi>»  in  which  the  pupil  is  entirely  closed,  and  tliat  its 
only  benefit  was  to  provide  a  new  ojiening  for  the  admission  of 
light.     Von  Groefe,*  however,  demonstrated  the  great  value  of 
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the  operation  in  those  canes  also  in  which  the  |>upil  remains  trans- 
parent, anfi  ]>rove<l  that  it  is  the  only  means  by  which  to  check 
the  ruinous  c-ourse  of  the  disease.  Iridectomy  is  always  urgently 
indicated  so  soon  as  the  margin  of  the  pupil  becomes  completely 
adherent  to  the  lens,  even  thoiif^h  goixl  vision  may  still  remain. 
Nothing  is  gained  by  waiting,  for  the  operation  will  have  to  be 
performed  later  and  under  leas  favorable  circumstances.  In  gen- 
eral, with  irido-choroiditis,  the  lon^r  the  disease  has  lasted  the 
less  is  to  be  expected  from  iridectomy.  W  it  has  lasted  but  a 
short  time,  a  good  result  may  be  expected  from  the  operation^  even 
tliough  vision  has  already  be<*ome  quite  poor,  especially  when  the 
loss  of  vision  can  be  sufficiently  explaineil  from  the  comlition  of 
the  pupil  and  the  clouding  of  the  cornea. 

But  if  a  disprojwrtion  exist  I^tween  tlie  transparency  of  the 
refracting  media  an<l  the  <legree  of  vision,  so  that  there  is,  for 
instimce,  a  distinct  red  rcHex  from  the  fundus  upon  ophtlialmo- 
scopic  illumination,  while  the  patient  is  unable  to  count  fingers, 
or  if  defects  exist  in  the  visual  field,  no  essential  improvement  can 
be  expected  from  an  iridectomy.  A  very  guarded  prognosis  shoidd 
also  be  given  in  those  cases  in  which  cataract  has  developed.  In 
such  there  is  generally  at  the  siimc  time  an  abnormal  softness  of 
the  eye,  indicating  a  alight  degree  of  atrophy.  Under  these  circum- 
stances, even  though  there  may  be  good  perception -of  lights  there 
cjin  iisn.illy  l>e  but  very  little  done,  sint*e  genemlly  there  is  opacity 
ol"  the  vitreous  body,  as  well  as  of  the  lens,  ami  tlie  retina  Um  is 
probably  somewhat  affccteil. 

Oilciftcation  of  the  lens  frequently  hap]>ens  in  very  old  cases  of 
irido-i'horoiditis.  The  pupil  then  aj>pears  of  a  chalky-white  or 
of  a  bright-gray  color  when,  as  is  often  the  case,  there  is  eorae 
fluid  within  tlie  capsule  in  front  of  the  chalky  conercmenL  In 
such  cases  the  iris  is  much  atrophied  and  closely  adherent  t^)  the 
calcified  lens.  This  being  so,  even  when  there  is  good  j>erocpti<in 
of  light,  there  can  be  very  little  hope  of  improvement  fmm  an 
o])er-ition. 

The  great  danger  connected  with  complete  adhesion  of  the  mar- 
gin of  the  pupil  often  makes  it  advisable  to  perform  an  operation 
in  cases  where  a  very  small  portion  of  the  margin  still  remains 
free.  This  free  portion  is  generally  that  vertically  above  the 
pupil,  and  it  is  best  to  perform  the  iridectomy  just  here.     If  at 
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the  same  time  the  pujiilliiry  regioit  be  clouded  by  tlie  prcxlurls  of 
iritis,  or  be  optioally  useless  from  other  csuises,  as,  for  instance, 
fn>n)  corneal  opaeities,  and  it  l>e  consequently  desinible  to  obtain 
at  the  same  time  some  optical  advantage  from  an  iridectomy  per- 
formed above,  it  must  Ims  determine<l  with  certainty  whether  the 
upper  lid  is  generally  sufficiently  raised  to  allow  the  new-formed 
pupil  to  be  of  any  itne. 

Where  the  annular  adhesions  are  strong  and  have  existed  a  long 
time,  it  is  In'st  in  the  operation  of  iridectomy  to  forego  tlu?  attempt 
to  brejik  through  thein,  for  there  is  great  danger,  during  the  effort, 
of  rupturing  the  capsule  of  the  lens.  After  opening  the  nnferior 
cbaml»er  with  the  lance  knife,  the  iris  should  be  gTas(>ed  with  the 
forcei)S  at  a  little  distance  from  ita  pupillary  margin,  anti  then  torn 
through  ill  its  continuity  by  tnu'ticm,  while  the  pupillary  margin 
which  h;bi  gmwn  fust  witlt  the  cajwule  of  the  lens  is  left  behind. 

When  the  jieriphery  of  the  iris  is  in*egularly  driven  forward,  a 
point  should  l^e  chosen  for  the  iridectomy  where  there  is  the  moat 
room  for  the  lance  between  the  cornea  and  iris.  But  in  all  cases, 
even  where  the  anterior  chamber  is  very  shallow,  it  is  better  to 
make  the  incision  with  the  lance  than  with  the  or<Unary  narrow 
ejitarai^^  knife.  The  wound  ma<le  by  the  cataract  knife,  on  account 
of  ti»e  steepness  of  its  walls,  shows  much  less  tendency  to  close 
like  a  valve,  from  the  simple  pressure  of  ita  e<!g€S,  than  does  the 
flat  wound  made  by  the  lance.  This  fact  may  be  ver)-  inij>ortant 
in  the  not  infrequent  cases  in  which  liquefaction  of  the  vitreous 
and  defect  in  the  zonula  co-exist.  In  such  cases  a  slow  escape  of 
■the  vitreous.  com}»lete  collaitse  and  final  atrophy  of  the  eye  must 
neoessarily  follow  a  wound  so  made  its  to  gape  too  easily. 

Various  methods  of  operation,  under  the  name  of  "corelysiaj" 
have  beeu  pro|>osed,  all  with  the  object  of  tcjiring  through  Uie 
adhesions  between  the  iris  and  the  cjipstile  of  the  lens.  The  gr^-at 
objection  to  this  operation  is  that  there  are  no  sulHeiunt  indications 
for  its  performance.  Isolateti  synechiee  furnish  no  ground  for 
npemtion.  Their  inllacnce  in  causing  relapsc-s  has  been  greatly 
over-estimated.  In  rare  cases,  isolated  syuechiffi  cause  annoyanties 
which  have  l>een  called  "  Iridalgia,"  and  which,  as  shown  by  a 
case  published  by   Hasner,*  may   he  relieved  by  corelysis.     If 
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finiiutar  luUiesion  of  the  pupillary  margin  liave  forintHi,  and  the 
iwripliery  of  the  iris  be  liriven  forward,  an  iridectomy  is  the 
most  ccrtiiin  <iperation.  There  remain  only  those  cases  in  which 
there  are  numerous  synec'hise  with  only  a  smaU  portion  of  the 
pupillai^'  margin  leil  free.  Now,  this  condition  may  continue  for 
yeariii  wttluuit  leading  to  any  l>ad  coiu^equenocH.  But  in  the  cnt>e 
of  such  patients  ai$  cannot  at  any  dcsire<l  time  obtain  opertitive 
help  it  is  greatly  for  their  interest  to  avert  any  jM^ssible  dnn^^r, 
Of  courw;,  under  these  fircum.stauws,  an  openitiou  having  for  its 
object  to  estnbli.sli  a  circular  movable  pupil  is  to  be  prefcrrcHl  to 
irirlet'tomy,  but  in  just  thet^e  teases  very  imperfect  results  are  iA\cx[ 
obtaiuetl  from  corclysis. 

Streatfeild,*  who  was  the  first  to  practise  the  operation  meth«d- 
i(^lly,  o]^ened  the  anterior  I'hamber  by  a  \v<mrnl  just  large  enninjb 
to  admit  a  flat,  hUnit  lu>oiv,  which  he  pa-ihcd  under  the  margin  of 
tlie  pupil.  Wcbcrf  tr^rc  the  adhesions  in  u  similar  way  by  menus 
of  u  blunt  hook.  PassavantJ  advised  to  make  a  puncture  ut  the 
margin  of  the  corneal,  to  grasp  the  iris  witli  the  forcepe  at  the 
margin,  where  it  is  attjiched  to  the  tens,  and  to  detach  it  by  gendfl 
traction.  In  order  to  avoid  the  occurrence  of  anterior  synetiliiaj 
as  a  result  of  tfie  operation,  it  is  jjest  to  make  the  puncture  in  the 
transparent  portion  of  the  airnca,  and  not  too  near  the  margin. 


Iritis  syphilitica  is  one  of  the  earliest  syniiitoujs  of  sceonthiry 
syphilis,  and  is  generally  observeil  simultaneously  with  wmilylo- 
mata  or  with  syphilitic  roseola. 

Tlie  great  majority  of  casiis  of  iritis  wliich  are  ol):^rvod  simul- 
taneously  with  other  syphililic  symptoms  mv.  tlisttnguishcd  by  no 
anatomical  characteristics  from  iiliopathic  iritis.  It  is  only  excei>- 
tionally  that  certain  formiitions  api)car  in  the  iris  whii*h  must  be 
regarded  as  the  specitic  results  of  syphilis.  Formerly  they  were 
generally  called  coudyloraaui,  till  Vii'chow§  decide<J,  from  the 
cliniciil  Iiistury  of  thta^e  formations,  that  they  ought  to  be  regarded 
as  gummy  tumors.    A  case  examined  anatomically  by  CoIberg|| 
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fully  confirmed  this  view.  These  formations  grow  from  tlio  ti&sue 
of  the  iris,  genetally  nwir  the  margin  of  the  pnpil,  am!  appcfir  at 
first  simply  ae  a  swelling  of  the  parenfhyma  itself.  Gmdimlly 
tlie  email  tumor  rounds  up  in  the  form  of  a  pale-ye!Iow  or  yel- 
luwisli-red,  transhiiTOiit  ntwinle,  mor*"  or  less  di.stiiu'lly  (H'rnieat.ed 
In'  bh>o<i-vessol.'r.  .Sirriultatn.'onsly  tlie  signs  of  irilis  tivv  prewent 
(iritis  gnnimosn).  Under  proper  treatment  these  pnmmata  shrink 
away  nipidly,  drawing  themselves  bitck  into  the  tissue  of  the  Iris, 
leaving  no  trace,  or  a  merely  discolorcil  sput, 

Often,  however,  these  tnmors  grow  unehecked,  80  that  they 
almost  or  entirely  ^11  the  anterior  chamlwr.  The  crmitii  and 
neighlwring  soleni  are  piL^hed  forwanl,and  finally  hreaU  tlmiugli. 
Simultaneously  the  iritis  becomes  very  severe,  assumes  u  purulent 
character,  fio  that  hypopion  ix'curs,  and  tho  final  result  is  generally 
atrophy  of  tlie  eye.  ]t  is  only  very  seldom  that  gunimata  of  the 
iris  occur  without  syjihiMs. 

Those  cases  of  syphilitic  iritis  in  which  no  gutnniata  are  present 
often  differ  in  their  cliiiiral  history  from  tlio  idiojjutliic  form. 
B«nli  eyes  are  more  frequently  ailected,  although  they  are  not 
aJways  attacked  at  exactly  the  same  time;  tlic  iitflammation  is 
more  subject  to  relapses,  and  finally  tlicre  come  on  more  fre- 
(juemly,  esiKjcially  at  night,  severe  ciliary  ]>ains,  which  differ 
fixtm  those  of  idio|»athic  iritis  in  the  fact  that  they  do  not  corre- 
spond to  the  intensity  of  the  inflammatory  symptoms. 

The  prognosis  in  syphilitic  iritis  is  generally  scarcely  less  favor- 
able than  in  the  idiopathic  form;  still,  it  is  to  be  remembcrctl  that 
complications  with  a  pet.'uliar  kind  of  faint  clouding  of  the  vitre- 
ous or  with  retinitis  or  choroiditis  occur.  The  gniiimata  of  the 
iris,  so  long  as  tUay  remain  small,  are  not  really  dangerous,  but 
where  their  growth  i?*  I'apid  they  l)ec<jrne  very  alarming. 

In  the  treatment,  atropine  mydriasis  is  under  all  circumstances 
absolutely  necessary-.  lu  iritis  gummosa,  an  energetic  genera! 
mercurial  treatment  should  in  most  cases  ltd  rcsorteil  to,  though 
ID  cases  where  neither  the  iritis  itself  nor  the  other  syphilitic 
symptoms  are  of  a  very  threatening  character  the  indications  for 
general  treatment  arc  less  decided. 

A'^ariola  and  recurring  fever  are  also  constitutional  diseases 
which  ttand  in  evident  relation  with  iritis. 

In  both  cases,  however,  the  condition  is  generally  that  of  an 
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inflanimatory  process  afferting  tlie  entire  uveal  tmot  and  partid- 
paUnl  in  hy  the  iris.  Iii  these  taines,  tlierefore,  opacities  of  the 
vitreous  are  generally  simultaneously  present.  Iritii?  also  occurs 
in  eonnection  with  articnlnr  rheumatism,  esj>eoiaIly  in  those  forms 
which  ajtpear  to  stain i  in  connection  with  gonorrhoea. 


Iritis  serosa,  or  hydrotneningitis,  are  names  usually  given  to 
that  form  of  iritis  in  which  there  is  a  very  peculiar  imrticipation 
on  the  part  of  tlie  membrane  of  Desccniet.  In  a(hlitioi»  to  the 
symptoms  of  iritis  already  meutione<l,  which,  moreover,  are  as 
apt  to  l*e  present  witli  a  nunlerate  as  with  a  violent  inflammation, 
thci*e  apjKar  on  the  [Mjstorior  surface  of  the  cornea  a  greater  or 
less  number  of  tine  gray  punctations,  the  largest  being  of  a  dirty- 
white  color.  Microscopic  dxaniinatinn  shows  that  they  are  due 
to  changes  in  the  epithelium  of  the  membrane  of  Descemet.  In 
an  eye  enuoleate<l  on  account  of  irido-choroi^litis  I  found  ujwn 
the  epithelial  surface  of  the  meiiihmnc  of  De.seemet  numerous 
gniy-white  prominences  so  loosely  attached  that  a  drop  of  water 
allowetl  to  flow  over  it  was  sufficient  io  float  away  many  of  them. 
The  particles  which  floatc<I  off  coimistecl  of  detritus  and  fat,  while 
the  spots  remaining  on  the  membi'ane  consisted  of  cells,  prolifer- 
ating and  undei^oiug  decomposition.  Similar  changes  were  going 
on  in  the  epithelium  almut  these  s|H>(!ks,  the  process  extending 
even  to  the  cellular  elements  upon  the  Hf^anietitum  pectiuatum. 
Now,  since  thisstnictnrc  sink.s  into  the  atitcrior  part  of  the  ciliary 
body,  it  may  be  easily  understood  how  the  epithelium  upon  the 
membrane  of  Desccmet  may  become  aftectetl  by  an  extension  of 
disease  from  the  choroid,  without  any  j«»rticipation  by  the  iris. 
For  instance,  in  a  case  of  reoeui  choroiditis  and  retinitis  in  the 
region  of  the  macula  lutea,  with  slight  o|xicity  of  the  vitreous*  I 
saw  at  the  same  time  u  distin<'t  though  slight  punctatetl  ap|>car- 
ance  upon  the  membrane  of  Descemet.  It  disappeared  under 
atropine  treatment,  after  about  eight  days,  no  signs  of  iritis  having 
developed. 

Cases  of  iritis  which  present  these  changes  upon  the  membrane 
of  Desccmet  are  generally  very  obstinate,  greatly  incline*!  to  re- 
lapses, and  frequently  exist  in  both  eyes  at  the  stune  time. 

The  treatment  is  the  same  as  in  other  forms  of  iritis.  Atten- 
tion must  be  paid  to  the  general  condition,  and,  above  all  things, 
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atropine  U  necessary.     Dcrivativo.s  are  specialty  suitable^  such  as 
vesications  upon  the  neck,  or  small  setons  upon  the  temple. 


Secondary  Iritis  not  infrequently  occurs  as  a  cunsequenee  of 
inflammntory  processes  in  the  collateral  vasculnr  channels. 

Frequently  Ixttli  the  [>riiii;iry  iiiHarutniitiou  and  the  secondary 
iritis  are  so  severe  that  hypapioii  ix^-urs  just  as  in  idioputhic  iritis. 

In  this  cla.s.s  belong  miniy  traces  of  keratitis.  Purulent  keratitis, 
for  iiistjuice,  with  hypopimi,  is  t^incrally  iiC(N>nipanic*l  by  iritis, 
which  may  a&sume  a  puruletit  cbanicter.  Atropine  and  luke- 
warm fomentations  are  the  Hrst  renie<lieM  to  be  rc-sortetl  to  in 
these  cases.  If  tficy  prove  iui^ufHcicnt,  it  ia  often  possible  to 
check  the  process  by  an  iridectomy.  The  tissue  of  the  iris  is  gen- 
erally found  very  brittle,  and  its  surface  covered  with  a  layer  of 
exudation. 

Nearly  all  cases  of  acute  choroiditis  cause  secondary  iritis. 
This  is  true  Ixjth  where  the  disease  is  acute  and  violent,  leading 
rapidly  to  blindness,  and  in  those  more  chronic  cases  during  which 
acute  exacerbations  occur. 

Iritis  also  generally  follows  sooner  or  later  after  detachments 
of  the  retina. 

Frequently  iritis  is  caused  by  the  development  of  cataract, 
which  in  its  turn  is  due  to  choroidal  disease.  In  such  cataract*, 
even  in  old  p*xiple,  there  is  considerable  swelling  of  the  cortical 
suljstanoe.  The  iris  is  driven  forward,  moves  sluggishly  upon 
the  surface  of  the  lens,  and  soon  the  symptonjs  of  iritis  upjxair. 
It  is  best,  therefore,  when  the  lens  swells  in  this  manner,  to  use 
atropine  as  soon  as  the  iris  np|)cars  to  be  tirivcn  forward. 

Those  forms  of  iritis  in  which  the  posterior  synechite  are  not 
limited  to  the  piipillnry  margin,  but  where  the  adhesions  l)ctween 
the  iris  aud  tlit:  ciip.><u]e  of  the  lens  extctid  fur  back  toward  the 
periphery,  are  all  of  a  very  dangeroiLS  nature. 

The  existence  of  extensive  adhesions  between  the  lens  an<l  the 
posterior  surface  of  the  iris  may  be  aKsu»je<l  when,  in  the  alisent'e 
of  atropine  mydriasis,  the  entire  pupillary'  margin  is  adherent, 
and  yet  the  periphery  of  the  iris  is  n«tt  driven  forwartl,  or  the 
pupillary  margin  mit  sunken  like  a  crater.  Under  such  eircnm- 
stauccs  there  occurs  generally  a  disturbance  in  the  nutrition  of 
the  vitreous,  which  is  manifested  by  u  diifuac  or  Soc4.'ulent  clouding 
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and  liqucfacfinn  within  it,  as  well  as  hv  an  almormal  Hoflncfis  of 
the  eye.     Opacity  of  the  lens  jjeiierally  follows. 

This  form  of  iritis,  with  extensive  sii]^erHcial  adhesions,  may 
develop  from  the  above  named  cases  of  uiumlar  adliesion  of  the 
pu]>i]l{irv  margin^  by  an  absorption  of  the  fluid  collocteil  behind 
the  iris;  but  ceases  alst>  ocjur  which  run  n  i*npid  w>urse,  aiul  in 
which,  without  any  preceding  accumulation  of  fluid,  the  adhesioiu 
form  immediately  from  the  mafgin  of  the  pupil  to  the  periphery 
of  tlie  Iris, 

Id  many  cases  the  process  is  not  limited  to  a  simple  adhc&ioii 
hetweoii  the  capsule  of  the  lens  an<]  the  uveal  layer,  but  the  cel- 
lular clcmcutii  participate  in  an  active  process  of  pi-olifcration, 
forming  a  new,  thick,  vascularized  membrane,  which  extends  from 
the  uveal  layer  of  thn  iris  over  upon  the  ciliary  body,  where  the 
same  inflammatory  process  develops.  As  soon  as  the  ciliary  body 
is  involved  in  the  process  the  disease  is  cjilled  irido-cyclitis. 

Spontaneous  irido-cyclitis  occurs  very  rarely,  but  when  it  docs 
tlie  danger  to  tiie  eye  affected,  and  to  the  other  from  s)'m|3athet)c 
disease,  is  just  as  great  as  in  the  traumatic  form,  yet  to  Im*  descril>e*i 
The  pupil  is'  either  contractwl  or  closed  by  an  exudate.  If  the 
iris  be  naturally  of  a  bright  «jlor,  its  surface  is  fi-equeutly  dotted 
with  a  nnnilHT  oi'  d:irk-bn)wn  specks,  which  ujhju  anatomical  ex- 
amination I  have  found  to  Iw  due  to  a  circumscribed  atrophy  of 
the  ritrorna,  which  allows  tlie  pigment  of  the  uveal  layer  to  l)e 
seen  thi*oagh  it. 

The  cornea  appears  small  and  flat,  less  transparent  than  normal, 
the  anterior  chamber  shallow,  the  iris  and  lens  driven  forward. 
At  a  later  stage  the  new  membrane,  which  forms  ujK)n  the  uveal 
layer  of  the  iris,  extends  direc^tly  over  upon  the  ciliary  body. 
Certain  portions  of  the  jwriphery  of  the  iiis  may  be  drawn  Ixick 
toward  the  ciliary  Ixxly  by  the  shrinkage  of  the  new-formed  tissue, 
although  the  ]>upillary  part  is  driven  forward.  Frequently  at  the 
same  time  blofKl -vessels  may  be  recognized  upon  the  iris.  Pr<)l>a- 
bly  they  are  small  veins  wliidi  are  distended  in  cx>nse<|ueiice  of  the 
olistructed  flow  of  blood  through  the  ciliary  i>art,  or  they  may  be 
more  distinct  by  rea.snn  of  tlie  atrophy  of  tissue  upi.m  the  surface 
of  the  iris. 

The  most  important  symptom  of  disease  of  the  ciliary  body  is 
\mn  u|)OD  pressure  made  over  it,  especially  at  its  upixr  jwrtion. 
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In  connection  with  the  symptoms  above  doscribed  and  tlie  abnor- 
mal softness  of  the  eye.  yet  to  be  referred  to,  this  ttindeniesa  of 
the  (.'iliary  body  is  a  very  iinporUint  symptom  for  the  diagnosis  of 
irido-cyclitis;  but  by  itself  no  importauce  is  to  be  attached  to  it, 
since  the  same  syinptora  frequently  occurs  in  eonnection  with  acute 
iiillammation  <if  the  cornea,  of  the  iris,  or  even  of  the  choroid. 

With  irido-cyclitis  there  never  fails  to  be  a  distiirbanot:  in  the 
nutrition  of  the  vitreous  l>ody.  It  frequently  oours  at  a  very 
early  stage  of  the  disease,  and  is  raauifesttHi  by  an  aluiorraal  soft- 
ness of  the  eyeball.  At  a  later  stage,  opacities  of  the  lens  generally 
develop. 

Vision  18,  of  course,  always  greatly  diminished,  and  may  finally 
be  lost  when  atrophy  of  the  eye  liegins. 

Irido-cyclitis  may  develop  wttliout  any  apparent  cause,  or  it 
may  follow  upon  other  forms  of  iritis.  It  is  most  freqtiently 
causctl  by  wounds  of  the  cypball.  Iij  such  cases,  however,  the 
appearances  in  the  dimiasc  are  somewhat  modiHed  by  the  immediate 
oonsequenoea  of  the  injury. 

In  these  cases  the  proper  diagnosis  is  of  the  greatest  importance 
on  account  of  the  great  inclination  to  sympathetic  uftection  of  the 
other  eye.  Under  these  circunistainwis  the  most  innv)rtant  prog- 
nostic sym]»tom  is  a  tenderness  of  the  ciliary  body,  out  of  projior- 
tion  to  the  external  inflammatory  signs,  while  at  the  same  time  it 
b  associated  with  a  dirainishcfl  tension  of  the  eyeball. 

The  conditions  for  the  occurrence  and  course  of  syui|Mithetic 
irido-cyclitis  were  first  faithfully  descrilwd  by  Mackenzie.* 

After  one  eye  has  become  seriously  diseased,  or  is  ah*eady 
blinde<l,  generally  from  some  traumatic  cause,  the  signs  of  sym- 
|)athciic  affection  of  the  second  eye  are,  :is  a  rule,  first  manifested 
by  indistinct  vision.  Soon  the  signs  of  iritis  ap|>car,  namely, 
pericorneid  injet^tion,  ditHise  (clouding  of  the  c<:)rnca,  discolomtion 
of  the  iris,  aud  adhesions  with  the  c]i|Tsule  of  the  lens.  The 
|)eriphery  of  the  iris  may  at  first  be  driven  forsvard  by  the 
accumulation  of  fluid  behind  it.  Generally,  however,  extensive 
adhesions  of  its  posterior  surface  occur.  There  is  contraction  or 
absolute  closure  of  the  pupil,  with  shallowness  of  the  anterior 
ebamber,  and  all  the  signs  of  irido-cyclitis.     A  diffuse  clouding 
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of  the  vitreous  is  frequently  present  from  the  very  first,  which  ex- 
plains why  in  these  ta^es  it  is  that  at  the  l)eginning  of  the  infliim- 
mation,  vision  is  much  poorer  anil  the  ophthalmo^ctipie  image  much 
Icsa  distinct  than  would  be  uuppotied  from  the  (condition  of  the  re- 
fractinp  media,  as  examined  by  focal  illumination.  Later,  the  leiM 
generally  iKHomes  o|Mique. 

The  tension  of  the  eyeball  may  inc-rcttse  somewhat  at  first,  but 
later  there  ensues  a  distinct  and  permanent  diminution  uf  teni^iou. 

The  subjective  symptoms,  such  as  pnin  and  pholuphobia,  are  in 
some  cases  severe,  but  generally  are  Blight. 

Under  jiU  circumstances  the  ooursc  of  the  disease  is  very  slow, 
with  perhaps  many  exacerbations.  Finally,  the  process  ends  witli 
more  or  less  diminished  vision,  or  the  tension  of  the  eyeball  may 
continue  growing  constantly  less  till  there  is  complete  atrophy. 

The  woimds  which  are  followed  by  iritlo-cyclitis  of  the  injureil 
eye  and  by  syuipaihetic  jisease  of  the  other,  are  generally  lacer- 
ating or  penetrating  wounds.  A  foreign  body,  such  as  a  splinter 
of  iron  (»r  piei;e  of  percuss  ion -cap,  may  or  may  not  have  been  left 
in  the  eye.  Simply  a  severe  blow  may  be  followed  by  like  results. 
Mackenzie  has  called  attention  to  the  iaot  that  wounds  at  the 
junction  of  the  sclera  with  the  cornea  involving  the  ciliary  body 
are  the  most  dangeroiu;,  esjMXiially  when  at  the  same  time  a  pro- 
lapse of  the  iris  occurs,  which,  healing  in  the  wound,  is  subjected 
to  continuous  irritation  by  tlie  sulxsequcnt  contraction  of  the  cica- 
trix. 

Operations  on  the  eye  rarely  cause  sympatlietic  inflammation: 
still,  Critchett*  mention.^  two  cases  in  which  it  followed  the  ex- 
traction of  cataract  by  the  Hap  incision,  and  I,  too,  have  seen  one 
such  case  occur  in  Von  Graefe's  practice. 

This  sad  result  has  Iwen  moi*e  frequent  after  iridodesis,  an 
operation  which  involves  all  those  conditions  which  Mackenzie 
has  described  as  particularly  dangerous.  The  wound  is  at  tiie 
corueo-ftcleral  boundar^-^  there  is  prolafise  of  the  iris,  and  war 
tissue  forms  in  such  a  way  that  the  portion  of  iris  within  the 
eye  is  subjectetl  to  continuous  traction. 

As  a  rule,  the  injured  eye  is  already  blind  before  it  causes  sym- 
pathetic disease  in  the  other,  but  Maekeneie  mentions  one  case  in 
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which  tlie  eye  first  affected  still  retained  son^  power  of  visiou, 
while  tlie  one  affected  bv  Hyn)])athetic  dieease  was  absolutely  loHt. 

Between  the  priniiiry  injury  and  the  ap|>enrnnce  of  the  synipa- 
thetio  iiitlaiiiniation  there  ig  ^uerully,  as  Maokeuzte  Htated,  an 
interval  of  i'rom  four  to  six  week.«.  This  iippcnrs  to  be  the  earliest 
time  at  which  syuipatlictic  disease  can  ikx-ui*,  btit  by  no  meiuiH  the 
latest.  So  long  as  there  remains  any  traw  of  irido-cyclitis,  with 
tenderness  of  the  oiliary  body  in  the  injured  eye,  there  is  reason 
to  fear  Kym|»athetic  dis(a.st'  of  the  other.  Moreover,  the  trau- 
matic inflammation  may  run  its  course  without  affecting  the  other 
eye;  the  injureii  eye  may  become  atrophic  and  remain  for  years 
unchan|;e<l,  when  suddenly,  witlnmt  any  apparent  r.uisc,  there 
apixiirs  new  inflammation,  and  with  it  tfie  renewed  danj^er  of 
sympathetic  disease. 

This  is  most  to  be  feared  when  a  foreign  body  has  remained  in 
the  eye,  or  when  os.sitication  of  the  choroid  or  calcification  of  the 
lena  has  oocurnnl. 

That  the  pro|>jiyfation  of  the  dL**ense  from  one  eye  to  the  ntlier 
taken  place  tiirough  tlie  nietlium  of  the  nerves  cannot  be  doubted. 
Formerly  this  was  thought  to  occur  in  the  course  of  the  optic 
nerve,  but  Arlt,*  in  1865,  showed  that  the  ciliar)'  nprvcs  are 
more  probably  the  ones  confcrmxi.  ISoniewhat  later  H.  Miillert 
expressed  the  same  view,  which  was  greatly  strengthened  by  the 
anatomicid  investigations  of  De  Mauts.J  Moreover,  Bowman§ 
has  pointed  out  the  very  frequent  beginning  of  tfic  sympathetic 
inflammation  at  a  point  exactly  symmetrical  with  tliat  of  the 
injury  in  the  flrst  eye.  This  goes  to  show  a  participation  of  the 
ciliary  nerves  in  the  process. 

It  may  then  lie  reg:irdwl  as  certain  that  tJie  disease  is  propa- 
gated along  the  course  of  the  oiliarj'  nerves,  but  since  these  nerves 
contain  fibres  having  different  functions,  it  remains  doubtful  which 
set  of  fibres  is  concerned  ;  there  apjiears  reason  to  susj>ect  tlie 
seuHtive  fibres  of  the  tilth  pair.  It  shouhl  Iw  noticed,  however, 
that  this  sympathetic  disease  is  not  jiropagated  with  the  same 
rapidity  along  the  coui")*  of  the  nerves  as  are  ordinary  irritations. 


*  Krankheiten  dee  Augcs,  1865,  i.  png,  51. 
t  Arcli.  f.  Ophth.,  B.  iv.  1,  |«g.  858, 
X  trtri'cht,  1866. 
I  Cf.  Do  MhiiU,  1.  c,  pug.  &3. 
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7Vfxttment. — Wljen  the  ocourrcnoe  of  Mympathetic  discat^  firel 
attraetetl  the  genera!  attention  of  ophthalraoIi>t;iftts,  il  was  natwml 
that  the  liiriits  of  the  s(ihje<'t  should  have  been  tixi  wiiit'Iy  ex- 
tended, and  tliis  fact  may  explain  the  brilliant  results  descrilieJ 
as  having  followed  the  extirpation  of  the  primarily  diaea«id  eve. 
In  thecourHe  of  time,  iiowever,  as  the  nature  of  sympatlietie  irido- 
cyclitis  beeame  better  un4ler8tood,  tlie  conviction  grew  more  gen- 
eral that  th<i  extirpation  of  the  primarily  diseased  eye  cannot  allay 
a  syniputhetip  inflammation  oiuxi  cxciKkI  in  the  other.  Critithett* 
was  tlie  first  to  make  the  valuable  suggestion  thai  the  injured  eye 
be  extirpated  before  any  signs  of  intiammation  ap|>ear  in  the  other, 
Undoubte<Uy  the  enucleation  should  Ihj  iwrformed  as  soon  as  an 
eye,  whether  injured  or  not,  becomes  blind,  with  the  i*ymptome  of 
irido-choroiditis,  loses  its  normal  consistency,  and  remains  painful 
u|>on  light  |)re8sure  in  the  region  of  the  ciliary  Ixxly.  By  follow- 
ing this  rule  it  is  possible  that  many  eyes  may  be  unnecessanly 
extirpated,  since  all  the  recognizable  conditions  for  the  occurrence 
of  Hym]>athetic  inflammation  may  be  present  without  its  following. 
Neverthelefis,  the  .sacriiire  of  a  blind,  sliriuikL'n,  and  disfigured 
eye  is  of  no  irajwrtanoe  as  compared  with  the  danger  of  complete 
bltndncfts,  wliirh  will  be  paused  by  the  appearance  of  sym{)athetic 
jrido-cyclitia  in  tiio  otiier  eye. 

On  the  other  hand,  however,  the  enucleation  must  lie  resorted 
to  with  more  hesitation  when  iridoK-yditis  does  not  exist.  The 
depressing  influence  whieli  the  extirjKition,  even  of  a  blind  eye, 
lias  upon  the  jmtient  is  generally  very  considerable,  and  uuder 
these  circumstances  an  artificial  eye  does  not  always  effect  a 
cosmetif^  improvement. 

M'hcn  irido-tyditis  has  once  appeared,  the  question  arises 
whether  at  this  late  period  it  is  still  advisable  to  remove  the 
eye  first  diseased.  The  hope  formerly  cherished,  of  being  able 
by  tiiis  operation  to  arrest  the  8ym|«ithetic  inflammation,  must 
be  relinquished  ;  nevertheless  there  is  always  the  possibility  that, 
after  the  removal  of  the  catisc  of  the  disease,  the  syni|Bitlietic 
pro»^ss  may  run  a  more  favorable  course  than  if  the  cause  re- 
mained. If  under  these  eiix^umstanccs  there  still  remain  in  the 
injured  cye  some  degree  of  vision,  which  of  course  it  is  desirable 
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to  retain^  the  enurleation  must  be  postponed,  as  the  benefit  of 
the  operation  is  ver\'  problematical,  and  there  is  no  justification 
for  sicrifieing  an  tictiial  tliougli  .slight  degree  of  vision. 

Nor  can  any  more  benefit  be  exi>ected  from  the  operation  for 
the  eye  afTccted  with  synipathetic  inHamnuition.  Jriiiecloniy, 
which  for  a  long  time  was  greatly  over-estirautetl  as  a  cure  for  all 
kinds  of  iritis  and  irido-choroiditis,  proves  wholly  useless  in  irido- 
cyclitis. 

Critchctt*  was  the  first  to  assert  that  in  irido-cyclitis  all  opera- 
tive interference  so  long  as  any  inflammation  remaios  is  absolutely 
hurtful.  He  therefore  advised  to  limit  the  treatment  to  protec- 
tion from  all  injurioas  influences,  and  to  await  the  disappearance 
of  all  inflammatory  symptoms,  This  may  require  a  nundwr  of 
months,  and  meanwhile  al>solutG  atrophy  of  the  eye  may  occur; 
but  nevertheless  no  better  result  is  obtained  by  too  early  operative 
interfere  nee. 

Even  when  all  irritability  and  tenderness  has  disappeared  from 
the  eye  an  iridectomy  does  not  generally  prove  sufficient,  since 
the  adhesion  of  the  uveal  layer  with  the  capsule  of  the  lens  is  too 
Btrong.  Only  that  part  of  the  stroma  which  is  grasped  by  the  for- 
can  be  torn  away.  Tlie  uveal  layer  and  the  false  membrane 
inecte<l  with  it  nsmain  l)ehind,  a  hemorrhage  in  the  anterior 
chamber  generally  follows,  and  the  result  is  that  no  improvement 
is  obtained.  Critchett  therefore  adopted  the  advice  previously 
given  by  Von  Graefe,t  to  extract  the  lens  at  the  same  time  wlien 
making  the  iridectomy,  in  those  cases  of  irido-cyclitis  in  which 
the  pupil  is  clf»se<l  by  fidse  membrane  or  in  which  there  is  opacity 
of  the  lens. 

The  best  motliod  for  these  cases  is  the  peripheral  linear  incision, 
to  be  made  just  as  long  as  for  cataract  extraction. 

If  the  anterior  chamber  be  shallow,  the  narrow  knife  is  passetl 
ihrongh  the  iris  and  false  membrane,  am!  U4ii[i<l  them,  till  the 
oounter-punction  is  made.  A  pair  of  straight  fon^ei^s  is  then 
in.serte<l  in  such  a  way  that  one  branch  is  l)efore  and  the  other 
behind  the  iris;  but  even  then,  on  account  of  the  strength  of  the 
inhesions,  it  is  generally  not  possible  to  draw  out  of  the  wound 
that  portion  of  the  iris  which  is  grasped  by  the  forceps*  Jbut  it  is 

■  Klin.  Monaubl.,  I.  pag.  440.  f  Arch.  f.  Ophth.,  B.  vi.  2,  jMg.  97. 
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nec^Rsary  to  itiircKliioo  a  fine  pair  of  8cu«ors,  jui^t  oa  were  the 
forcepH,  witli  one  |H>int  bofoiv  and  the  other  behind  the  iris,  in 
ordfT  to  cut  tliroiigh  it,  in  the  direction  of  a  raditis,  to  the  pupil. 
Tlie  flap  of  iris  so  formed  may  then  generally  be  drawn  out  of 
the  wound  and  completely  removed. 

During  this  pn^owlure  a  portion  of  the  eortioat  sul>6tancc  of  the 
lei»8  generally  flows  out.  The  remainder  of  the  JenB  ia  then  to 
bo  removed,  either  hy  rubbing  at»d  pressing  on  the  eornea  or  by 
ititHKlucing  a  s|>oon. 

ft  cannot  be  doubted  that  lesa  destructive  caam  of  iritid  may 
ooi'ur  as  gyrapathctte  inllanimation,  and  if  projxfrly  treated  may 
run  a  favorable  course.  Still,  upon  critically  examining  such 
oa.scs,  it  is  ofteu  very  difficult  to  determine  whetlier  there  really 
IB  any  «iusal  w^nncction  l)etween  the  diseases  in  the  two  eyes,  or 
whether  their  Kinnittaneous  occurivnoe  is  merely  accidental. 

Tlie  Jiioet  eoiiviucing  proof  of  the  sympathetic  nature  of  a  die- 
ea.'ie  of  the  eye  is  given  when,  imniodiately  after  the  extirpation 
of  the  eye  first  diseased,  the  alfection  disapjiears  from  the  other, 
as,  for  instant*,  in  the  form  of  t)lq>haro.«pasin  meutioacd  on 
page  230,  which  was  proved  by  Donders  to  be  sympathetic.  It 
is  only  exwptioually  that  these  reflex  neuroses  attain  such  a  grade 
as  that  there  de8c:ril>efl,  where  the  hlepharftsj>asni  destroyed  the 
usefnlnef^  of  an  otherwise  normal  eye.  In  tlie  majority  of  nu<cs 
there  exists  only  a  painful  irritation  of  the  eye.  Piiotopliobia, 
subjective  sensations  of  light,  slight  Jaolirymation  and  redden- 
ing of  the  eyes  upon  slight  use,  inability  to  work  continuously, 
iransiton*  darkness  of  the  visual  ^M,  etc,,  may  exist  a  long  time 
without  the  oecnrrenoe  of  actual  infl:uumation.  The  rapid  disap- 
pearance of  these  symptoms  aftt'r  the  extirpation  is  proof  of  their 
sympathetic  chamcter. 

If  the  effect  of  the  operation  l)e  slower,  ap(>earing  only  after 
several  weeks,  as,  for  instance,  in  certain  cases  where  thiTC  is  con- 
traction of  the  visual  field,  which  may  be  regarded  as  due  to  sym- 
]>athctic  disease,  the  proof  that  it  is  so  can  he  furnished  only  by  the 
accumulation  of  numerous  observations.  If,  however,  the  enuclea- 
tion have  no  eflect  upon  the  disease  in  the  other  eye,  we  must  look 
about  for  other  pr^K)fs  of  the  sympathetic  nature  of  the  disease. 

The  view  fi*e<^uently  expi-essed,  that  the  condition  of  the  eye 
affected  with  sympathetic  disease  is  directly  dependent  upon  the 
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condition  at  that  particular  time  of  the  eye  primarily  atVected, 
that  everj'  oxawrbntinn  in  the  last  is  roBp<tnd«l  to  liy  an  exacer- 
!uati<tii  in  the  first,  is  hy  no  means  confirtuuil  by  observation. 

If,  however,  following  certain  tletermineil  changoB  in  one  eye, 
we  see  a  ilistinrtly  eharat^'riztMl  diseiLsfl  of  tlic  other  eyp,  wlii«h 
withont  some  such  cause  occurs  very  rarely,  the  cumulative  evi- 
cknce  of  sneh  cases  proves  their  sympathetic  character.  This,  for 
instance,  Is  tlie  cm^'  in  irido-cyclitis  rtymjwthetica. 

It  is  very  difficult  in  observing  any  particular  case  to  be  con- 
vinced of  Its  sympathetic  character.  For  instance,  the  case  of 
choroidco-retinitis  de.scTilR-'<3  by  Von  Gmefe^*  which  I  know  jwr- 
fectiy  well,  since  1  observed  it  with  him,  prcsentcil  snch  a  peculiar 
apiwiirance  that  Von  Grnefe  n^rded  its  sympatlietic  nature  as 
probable.  But  it  re<piires  a  number  of  such  cases  to  furuish 
satisfactory  proof  of  the  correi'inoss  of  such  an  opinion. 

If,  on  the  other  hand,  the  disease  of  the  second  eye  be  attended 
with  symptoms  by  no  means  |>eculiar,  and  if  the  conilition  be  one 
which  we  see  occur  under  the  nii^t  varicil  (iirciimstanceH,  only 
very  careful  investigation  ami  a  great  immlier  of  cases  could 
establish  the  sym|>athetic  nature  of  the  affection. 

The  only  disc^ise  which  can  positively  be  said  to  cause  sympa- 
thetic inBammation  is  irido-cyclitis.  All  otlicr  statements  on  the 
subject,  as,  for  instance,  that  at^er  operation  for  glaucoma  lu  oue 
eye  sympathetic  glauotmiatous  ittBammation  may  occur  in  the 
other,  must  l>e  reganled  its  base<l  on  little  more  than  assumptions. 

If  a  few  days  atUr  iridectomy  in  oue  eye  an  acute  glaucomatous 
inflammation  »p|>ejir  in  the  other,  this  accident  eertainly  may  be  a 
vciy  unpleasant  surprise;  but  the  ciixrumstance  that  the  oi>cration 
in  the  first  eye  and  the  inflammatiou  in  the  tici^'ond  occur  only  a 
few  days  apart  argues  against  tlie  suspicion  of  a  sympathetic  con- 
nection. For  in  ocular  iuflauiniatioiis  whose  syinjmthetic  origin 
b  demonstrated,  it  is  not  days  but  weeks  l>efore  the  inflammatory 
process  proceeding  from  one  eye,  and  following  the  course  of  the 
eiliar)*  nerves,  reacbeB  the  second. 

Furthermore,  glancoma  is  a  bilateral  disease  in  so  great  a 
minority  of  cases  that  it  is  do  wonder  if,  after  iridectomy  in  one 
eye,  glaucomatous  inflammatiou  ap|)ear  in  the  other.     It  is  to  lie 
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rememberetl,  too,  that  attacks  of  glaucoma  are  greatly  favorcnl  Ijv 
loss  of  .sleop,  uieutal  anxiety,  etc.,  and  that  the  opcnitiuii  furni^lic^ 
cauae  for  jiiat  these  couditioiLs  in  very  many  patients. 

It  is  finally  to  be  mentioned  that  some  cases  have  been  observed 
in  wliich  the  use  of  au  artilicial  eye  taUHed  sympatlustic  ditH'jise. 
Lawson*  mentions  a  case  in  which,  five  years  previously,  au  eye 
tuul  become  blind  and  atrr>pli)o,  in  eonscqueuce  of  ulceration  of 
the  corne;!.  During  all  tills  time  it  had  shown  no  annoying 
symptoms,  but  by  using  au  artificial  eye  it  became  inliame<l  and 
painful,  aud  finally  caused  sympathetic  trido-oyclititi.  I^wson 
explained  this  intolerance  of  an  artificial  eye  by  the  fact  that  a 
portion  of  the  corneal  tissue,  t<yj  sensitive  to  endure  the  friction 
of  a  foreign  body,  still  remained  ujwn  tlie  shrunken  stump, 

Salomonf  reports  a  case  in  which  symptoms  of  symputlietic 
irritation,  which  were  tlie  occasion  for  the  enucleation  of  an  eye, 
reap|»eared  when  an  artificial  eye  was  uiserted.  Such  a  ca»ie  may 
be  explained  by  supposing  that  the  disease  excitet!  along  the  course 
of  tbu  ciliary  nerves  still  |>ersisted  after  tlie  enucleation  of  the 
eye,  and  that  the  portions  of  the  ciliary  nerves  remaiuing  in  the 
orbit  Iming  irritated  by  the  presence  of  the  artificial  eye,  the  sym- 
pathetic difseiisc  rc4ij)p«irL*d  in  the  other  uyc. 

Knueleatiou  is  perf«rme<l  in  the  following  manner.  The  lids 
are  held  apart  by  the  s|>eculum  ;  the  conjunctiva  is  grasped  at  the 
up|jer  part  of  the  eye  with  the  fixation  forceps,  is  cut  close  alx)ut 
tlic  cornea  and  iniincfliately  loosened  from  the  sclera  by  strokes 
of  the  scissors,  carried  far  bock  toward  the  equator ;  the  rectus 
superior  is  then  caught  with  the  strabismus  hook  and  its  scleral 
insertion  divided  ;  the  same  is  done  with  tha  other  recti  raus*'les. 
When  tliesc  four  muscles  are  divided,  it  is  I)e8t  to  remove  the 
8|»eculum  and  by  pressure  dircctctl  backward  upon  tbe  margin  of 
the  lids  luilishxtUe  the  eyeball  forward.  Should  the  <'<>njunctival 
wound  |)rovc  too  small  to  allow  the  eyeball  to  ]>ass  through,  it 
must  be  somewhat  enlarged.  When  iheeycUdl  Iiils  passt^-d  through 
the  conjunctival  wound  and  is  pressed  forwanl  between  the  mar- 
gins of  the  lid,  a  pair  of  curved  scissors  is  to  be  introduced  at  the 
inner  angle  of  tlie  eye  aud  tlie  optic  nerve  divitled.     The  eye  may 
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(hen  Se  easily  dmwn  out  of  the  orbit,  the  two  oblique  miis<'le«  eat 
ofi'  at  their  iusertioii,  antl  the  euiicleatlou  eiidetl.  It  is  well  after 
the  bleediiip^  ceiises  to  close  the  ejonjiuictival  wound  with  si  suture^ 
paasing  the  thread  alternately  in  and  out  near  the  margin  of  the 
conjunctiva  around  tlie  entire  wound,  and  then  drawing  it  up, 
like  a  tobaccij-jwuoh,  and  tying  it. 

Remuunt8  of  the  fu>tal  pupillary  meailmne  (uiembraua  pupil- 
laris  perseverans)  are  frequently  olxserveil  in  th«  form  of  u  greater 
or  less  numluT  of  iwilattHl  or  aiia.stonio.'iinj;  tlireads,  Hjirinjiing 
from  the  ciR'ulus  minor  iridis,  extending  at-ross  tlie  margin  of  tiie 
pupil,  and  ending  cither  upon  the  ca[>^ule  of  the  lens  or  upon  u 
pigmented  disc  occupying  the  centre  of  the  pupil,  or  they  rnay 
pass  uninterruptedly  across  the  pupil.  Under  these  circumstances 
the  margin  of  the  pupil  retains  its  motility, 

Iridereniia,  or  abeeuee  of  the  trie,  occurs  very  rarely  as  a  con- 
genital defect,  either  with  or  without  other  congenital  anomalies. 

Traumatic  irideremia,  the  tearing  of  the  iris  from  the  ciliary 
body,  happens  oidy  in  ctmsequence  oi'  st>nio  rievei-e  injury,  juid  is 
therefore  generally  eoniplicateil  with  loss  of  vision,  due  to  hemor- 
rhages in  the  vitreous,  etc.  It  is  otdy  t'xcej)tionally  that  these 
complicating  injuries  are  unim|iortant,  but  when  they  are,  re<x>very 
with  good  vision  is  [xtssible.  U  is  noticeable  that  the  f>ecretion 
of  the  aqueous  humor  is  not  atfectwl  by  the  total  loss  of  the  iris, 
and  that  a  normal  power  of  accommodation  may  remain. 

Amnion  dcsiribcs  a  case  in  which,  in  (mnsequcnce  of  a  severe 
shock  to  the  head,  in  a  case  of  suicide  by  shotiting,  the  lens  was 
displaced  and  the  iris  reflected  behind  the  ciliary  body. 

A  congenital  o|>ening  in  the  iris  (colobomu  iridis)  occurs  either 
in  only  one  eye,  more  frequently  the  left,  or  in  both  eyes  at  the 
same  time.  The  fissure  is  generally  Ifclow  or  directed  inwartl 
and  downward.  It  generally  caus^es  no  partifular  dir^turbant.-e  of 
viBion  if  not  connected  with  other  abnortnitics.  Frequently  there 
are  simultaneously  corresponding  defects  in  tJie  ciioroid. 

Tnmorsof  the  iris,  aside  from  the  gummy  tunaors  already  men- 
tioned, occur  but  rarely.  Among  the  different  varieties  which  have 
been  oljserved  are  eongenitiil  pigment  tumors,  granulation  tumors, 
telangiectasiee  and  melaiH>sarcoma  of  the  iris. 


S54 


TUMORS  OF  TUK   lUIS. 


Cysts  of  tl)«  iris  are  i^iicrally  t.'aii*e*I  by  wounds.  In  37  cases 
collected  by  liotiiniunil,*  28  had  b«;n  precetleil  by  wouads,  and 
in  nuiat  of  tlicse  there  hml  boeu  purforation  of  the  cornea.  The 
contents  of  these  cvats  mav  be  eitlier  serous  or  colloid,  or  even  of  a 
more  solid  consistency.  Their  walls  are  sometimes  very  <)elif!ate 
und  transparent,  in  other  caaes  they  are  tliicker  and  more  0|Kujue. 
These  cysts  are  situated  either  in  the  tissue  proper  of  the  iris  or 
they  appear  as  a  new  growth  upon  its  suHHee.  In  a  case  observed 
by  Wliito  Cooper,  the  cyst  was  connected  witli  tfie  ciliari'  body. 

The  removal  of  a  cyst  is  indicatwl  so  fio<»n  as  the  diagnosis  is 
certain,  for  lis  contlnuw!  presence  and  constant  growth  may  cause 
consecutive  iritis,  nlccr.uion  of  the  cornea,  and  jwssibly,  as  in  a 
case  observed  by  Hulke,t  syra|>athetic  irritation  of  the  other  eye. 
The  best  method  it*  U*  o]>en  the  anterior  cluunber  with  the  lanoe 
knife,  near  the  cyst,  and,  if  passiblR,  without  wtmndinj^  its  AvalU. 
The  cyst  then  often  protrudes  of  itself  tlirough  the  wound  in  tlie 
cornea,  or  it  may  be  drawn  out  with  a  sprfon  or  hook.  If  any 
portion  of  the  cyst  wall  be  loft  in  the  eye,  or  if  the  cyst  be  merely 
punctured,  it  will  often  reappear. 

A  pecnli.'ir  tumor  of  the  iris  is  sometimes  canscfi  by  eyelashes, 
which  pcnctrute  the  anterior  chamber  at  the  time  of  a  wound 
in  the  cornea.  AJW  ivmainini;;  there  some  time,  they  cause  the 
development  of  growths  which  greatly  resemble  atheroma,  being 
whitish  in  (y>lor,  cinnmscribed  in  form,  and  filled  with  a  pasty 
substance  containing  fat  and  cholesterin.  I  observed  one  such 
ense  in  which  about  six  cilia  iKjnetrated  the  anterior  chamber 
through  a  perforating  wound.  Three  months  later,  two  white 
dots  were  notic-ed,  for  the  Hrst  time,  upon  the  iris.  After  the 
rem»jval  of  the  cilia  fn)ra  the  anterior  chamber  the  little  tumors 
coutinuetl  to  grow,  and  six  months  after  the  injury,  their  extir- 
pation seemefl  advisable.  The  larger  tumor  hail  now  attained 
a  diameter  of  1^  mm.  It  was  spherical,  and  sat  upon  the  iris 
like  n  ball  attached  by  only  a  small  i>edlcle.  Its  surface  had  a 
JH-Jirly^  glistening,  scrtii-tratisparent  ap]>earaucc,  and  within  it  was 
un  opaque,  white  rnicleus,  from  }  to  j  mm.  in  diameter.  The 
smaller  tumor  was  of  a  siinilar  character.     Both  were  removed 
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bv  an  iridectomy.  Pnif.  W.  Krause,  of  Gottingcn,  lcin<lly  tiiade 
n  micnwcopic  examination,  and  gave  me  the  ridlowinar  report: 
"  Tlie  central  wliitL*  xiut^kius  L-ontained  tree  i'at  in  larger  and  smaller 
<irop6,  numerous  oryt^tals,  mostly  eholesterin,  uiid  polygonal  cells. 
The  trausjMU'ent,  perijvhorLil  part,  aside  from  a  few  cholcsterin 
crj'stals,  consisted  of  long,  hexagonal,  slightly  dattene<i,  epidermis 
cells,  destitute  of  nuclei.  A  thick  layer  of  similar  cells  formed 
the  ci)rti«il  part.  This  layer  at  the  base  of  tJie  timior  is  covered 
with  a  tliin,  indistinct,  HhrouH,  cotinective-ti.ssue  menihrane,  which, 
however,  does  not  completely  envelop  the  tumor,  but  leaves  the 
layer  of  cells  exposed  at  several  pliu-es.  .\n  epitliclial  covering 
can  nowhere  be  discovered  upuu  this  connective-tissue  membrane, 
which,  moreover,  at  the  base  of  the  tumor,  is  continuous  with  tl»e 
tiA3ue  of  ihe  anterior  surface  of  the  iris.  As  explaiiiinjj  th<?se  re- 
markable growtiis,  we  may  suppose  that,  at  the  titue  uf  tlie  injury, 
fat-prorlucing  cells,  probal)]y  from  tlic  hair  follicles,  were  carrie<l 
with  tlie  cilia  into  tlie  iris,  and  that  their  growth  was  ontinuLnl 
there.  The  miiss  of  new-formed  cells  resemble  those  fouml  in 
atheroma." 


DISEASES  OF  THE  LENS. 


AVk  have  nlraidy  liail  occasion,  on  page  26,  to  mention  that 
tbe  physiological  jjrowth  and  nutrition  of  the  lens  cause  changes 
whose  (lioptri(«il  con-sequenties  aftwt  reiniction  and  accommoda- 
tion. In  this  place  we  Iwve  to  flo  principally  with  the  catoptric 
phenomena  csmsf-d  by  the  senile  changes  oi'  the  lens.  The  grwtier 
density  itssunied  by  the  lens  causes  the  ditterence  Itetween  the 
index  of  refraction  of  the  lens  ou  the  one  hand,  and  of  the  aque- 
ous humor  and  vitreous  Inwly  on  the  other,  to  become  greater. 
At  the  litiiit-s  .if  these  nie<liaj  m-conhtigly,  a  greater  reflection  of 
light  takes  place,  which  causes  a  noticeable  gray  shimmer  iu  the 
pupil.  This  gray  reflex  from  the  pupil  Ijecrtmes  still  more  strik- 
ing from  the  fact  that  frequently  the  libres  of  the  lens  assume  au 
index  of  refraction  somewhat  different  from  that  of  its  amoq>hous 
substance.  The  structure  of  the  anterior  cortical  layer  l^ewmies, 
therefoi-e,  more  distinctly  visible  by  fo«iI  ilUiminaliou  tliau  in 
the  normal  condition ;  certain  sectors  api)ear  of  a  dull-gray  color, 
so  that  one  may  think  he  has  before  him  a  catanictous  opacity, 
while  a  single  glance  with  the  ophthaliJioscope  suffices  to  prove 
the  transparency  of  the  lens. 

No  annoyancc-sareeoniiected  with  this  condition  aside  from  the 
contraction  of  the  range  uf  accommodation,  and  a  slight  diminu- 
tion of  vision. 

With  reference  to  the  prognosis,  it  is  to  be  remarke<l  that  this 
senile  condition  of  the  lens  may  remain  unchanged  many  years 
without  the  development  oi'  (^(aract 

The  many  forms  of  cataract  may  be  most  simply  divided  into 
progressivcj  or  such  as  eventually  cause  opacity  of  the  entire  lens, 
aud  [Mirtial  or  stationary  opacities.  This  in<leed  does  not  give  on 
al>solntely  sliarp  division,  since  the  total  opacities  of  the  lens  are 
at  fii-st  partial,  and,  moreover,  tliere  are  partial  opacities  res|>ect- 
ing  which  it  cannot  be  foretold  whether  they  will  develop  to  total 
opacities  or  not,  or  which  go  on  iu  tliis  process  of  development 
with  extreme  slowness. 
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The  physiological  rolations  of  the  lens  exercise  a  great  influence 
upon  the  form  of  the  fjitanict.  In  total  opmiities  of  tlu;  lens  in 
young  individuals,  the  tendency  to  soften  and  liquefy  p re (wude rates, 
while  in  more  advanced  agi;  the^e  proresses,  it  is  true,  may  occur, 
but  ihpy  are  always  limited  to  the  trortical  part,  while  the  nueleus 
of  the  lens  has  already  bceoine  hard  ami  re^i^ts  the  stjftetiing  process. 

The  softening  of  the  cortical  substance  nmnifests  itself  by  the 
apiK.'arance  of  a  number  of  light-gray,  radiating,  transparent 
sirii)€8,  j)erhaps  0.5  to  0.76  mm.  in  breadtii,  dividing  the  cor- 
tical substanoe  into  several  pearly,  glistening  sectors.  The  cortical 
substance,  however,  still  remains  tmnsparent,  so  that,  with  the 
pupil  dilated  and  by  focal  illumination,  one  may  look  deep  into 
the  lens,  in  order  to  satisfy  himself  whetlier  its  whole  substanoe  be 
softened,  or  whether  a  hard  nucleus  still  exist.  The  fact,  already 
mentioned,  that  the  physiological  growth  and  nutrition  of  the  lens 
CBUse  a  gradual  hardening  of  the  nucleus,  furnishes  the  ground 
U|K>n  which  to  susi)ect  the  exist<;n{!e  of  a  hard  nucleus  in  all  cata- 
niet«  which  develop  after  the  thirtieth  year  of  life,  even  although^ 
when  examined  by  focal  illumination,  the  diilerynces  in  color  Iw- 
tweeu  the  hard  and  the  soft  forms  may  be  so  slight  as  to  leave  the 
matter  doubtful.  In  old  age  the  color  of  the  nucleus  of  the  lens 
gtuemlly  makcK  it  distinctly  visible. 

The  soft  cortical  cataract  generally  develo|>3  so  much  the  more 
rapidly  the  broader  tlie  sectors  into  whicli  the  cortifalis  is  divided ; 
there  is  genenilly  at  the  same  time  a  swelling  of  the  clouded  lens; 
the  anterior  cajteule  apj>ear8  very  convex ;  the  iris  is  pressed  for- 
ward, and  impethil  in  its  movomcnts. 

The  swelling  of  the  lens  gradually  recedes,  by  the  abtorptiun 
on  the  |>art  of  the  aqueous  humor  of  a  portion  of  the  fluid 
enclose*!  in  the  capsule. 

In  the  further  cMJUi-se  of  the  process  thei*e  may  be  either  a 
thickening  or  a  complete  liquefaction  of  the  softene*l  corticalis. 

In  the  latter  wise  the  cataract  assumes  a  uniform  milky  appear- 
ance, and  only  here  and  there  can  tine  white  S]»ots  and  Hakes  be 
seen  attached  to  the  cajiaule. 

If  this  liquefaction  occur  in  childhood,  and  if  the  catunict  re- 
main a  long  time  uninterfered  with,  a  very  eonsi<lerable  rethietion 
iu  the  volume  of  the  lens  may  otxjur,  so  that  the  cataract  recedes 
from  the  plane  uf  the  pupil. 


358 


MORGAGKIAX   AND   NUCLEAR  CATABACT. 


It  may  even  happen  that  the  lens  shrinkH  to  a  thin  layer  or 
precipitates  upon  the  inner  surface  o(  the  capsule,  and  80  nasumes 
exactly  the  upi)curiuiee  of  a  eeoonilary  cataract. 

Even  in  old  age  an  al>Nolute  liquefaction  of  the  corticalis  ih  |)06- 
sihle;  still,  there  la  accompanying  it  no  reduction  in  the  size  of 
the  lens,  or  one  cxceediiijj;  very  little  the  physio logic^il  reduction. 
Moreover,  tliere  alwnvrt  remains  the  hartl  uucleus  of  the  lens,  which 
sinks  to  the  Wottoin  of  the  fluid  with  which  the  cap.«nle  is  fille*l. 
whatever  may  be  the  position  in  wliieh  the  patient  holds  his  head 
(catarncta  Mor^agniana).  The  diaji^osia  of  this  form  nf  cataract 
i*t  eji8y  if  (he  capsule  hfts  remained  transparent.  By  the  help  of 
focal  illtiniination,  with  the  pupil  moderately  dilated,  one  cou  see 
the  yellowish  nucleus  of  the  lens  whoee  sinking  proves  the  lique- 
faction of  the  corticalit-.  On  the  contrary,  if  the  capsule  has  be- 
ocmie  opaque  liy  tlejKisits  upon  its  inner  saHiu^e  (capsular  caitanu-t), 
and  if  the  piiplL  c;in  bo  only  parllally  diluted  by  atropine,  as  is  so 
often  the  tase  in  old  people,  the  diagnosis  may  be  exceedingly 
ditilcuU. 

It  still  iiemaius  to  be  mentioned  that  the  prognosis  of  an  opera- 
tion in  cataraeta  Morgaguiana  is  generally  regarded — though  per- 
ha|)s  erroneously — as  less  favorable  than  in  the  usual  forms  o{ 
senile  cataract. 


Relatively  less  frequent  than  the  soft  cortiwil  (»1aract  are  those 
cloudings  of  the  lens  which  begin  by  a  hardening  and  a  ilistinct 
denmrcution  of  the  uucleus  from  ttic  wrtical  suijstuncc.  The 
nuclear  cataract  never  develops  until  an  age  in  which  the  nucleus 
has  betxjmc  markedly  diHerentiatcd  I'roni  the  corticid  substance, — 
tliat  is,  seldom  before  the  thirtieth,  and  generally  about  the  lifticth 
year.  In  their  mildest  grades,  these  changes  present  a  process 
similar  to  tliat  which  we  have  already  described  as  the  senile 
cliange  of  the  leiii*,  only  they  are  limited  to  the  nucleus.  By 
difluse  daytiglit  the  pupil  shows  a  striking  gray  reflex,  which, 
however,  as  nppears  immediately  by  ftwil  illumination,  has  its 
seat  not  in  thu  ttupcriicial  layers,  but  in  the  (lec|Xir  part  of  the 
lenB.  The  nucleus  is  distinctly  diflerentiated  from  the  cortical 
snbstanoe,  upon  ophthalmoscopic  illumination,  by  means  of  a 
weak  reflyoting  mirror.  According  to  the  position  in  which  the 
mirror  is  held,  one  sees  the  nucleus  bounded  upon  the  one  side  by 
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a  bright  rc-flex  and  on  tlie  otlier  by  a  ijark  sliatlow  of  the  corticalis, 
and  by  nlight  raovcnK'nts  nf  the*  instrunipirt  tliis  phenomenon  of 
refraction  may  be  caused  to  apiK-ar  tiL  iJifffiTut  points  sm-Lt-ssivcly 
a]]  arijund  the  nucleus.  The  nucleus,  however,  may  remain  a  long 
lime  traas|>arent.  These  clmnpros  in  the  lens  f'An8e^  in  tbe  first 
place,  an  iuureiise  of  refnictiou;  still,  lli(>  dejjree  of  the  myopia 
cannot  always  be  exactly  determined,  littiiiipe  there  is  siniulta- 
ncoiisly  a  diininution  of  vision,  due  partly  to  irrcgnlaritv  nf 
refraction  an<l  partly  to  a  decrease  nf  transparency. 

This  condition  may  remain  stationary  a  long  time,  or  may  leati 
finally  to  actual  «itau*act  of  the  nucleus,  and  nf  the  entire  lens. 
The  lens  itssumtiK  more  and  monj  a  gray  color,  Ijef'omes  gradually 
0|>nque,  and  finally  opacity  of  tlie  cortit^al  »ut)«tnnce  develops. 

The  above  descrilicd  f<u'm  nf  cjitaracl  nwurs  both  idiopalhically, 
without  known  causes,  and  also  in  conne<.'tion  with  other  ix^'ultir 
fliseases;  it  is  esjiecially  fre<iuent  in  eyes  which  have  suffered 
frnm  glaucoma,  in  high  d^rees  of  myopia,  and  wbci'e  there  have 
l>ecM  extensive  choroidal  changes,  for  instant*  in  connection  with 
fttaphyloiua  [XMttcum. 

The  most  frequent  form  of  opacity  in  the  lens  is  the  so-called 
senile  cataract.  It  generally  begins  near  the  eijuator  of  the  leuri, 
«nd,  according  lo  Forster,*  with  a  clouding  of  that  layer  of  the 
corticalis  which  lies  immediately  upon  the  luiclcus.  There  ocrur 
then  a  number  of  short  linear  otwicitrca  or  irregular  clumly  specks, 
which  appear  dark  by  ophtbalmoHcopic  illumination  and  gray  by 
fttcal  illumination.  They  gradually  increase  \wth  in  size  and  in 
jmuiber.  Simuttaneously  the  nucleus  txH-omes  mure  distinctly 
diilerentiated  from  the  corticalis,  by  a  more  or  less  deciiled  yellow- 
ish-brown color;  it.**  ininNpareiicy,  however,  does  not  suffer  to  the 
Bame  <legree  as  that  of  tlie  corticalis. 

The  anatomical  changi-s  iK-ctirring  in  the  corticalis  are  somewbut 
different  fron»  those  in  the  nntileus.  The  fibres  of  the  corticalis 
apjiear  finely  punctated,  and  run  more  or  less  together,  so  that 
in  the  layers  which  can  Iw  R-aleil  off  from  the  corticalis  one  can 
only  indistinctly  recognize  the  individual  fibres.  Besides  this  fine 
granular  punctatiou,  there  occurs  an  exudation  of  myeline  and 


360 


fX>XGENlTAX  CATARACT. 


Other  drnpg,  whirh  jij>|««r  ret)  under  the  mitTnw'ope;  nnd,  finiilly, 
cliolesterin  crystals  un(>ear  in  tatamots  which  liave  existed  a  loug 
time,  especially  when  the  process  has  been  that  ofsoflcning  of  the 
cortical  is. 

This  chemical  decomposition  appears  le^s  prominent  in  the 
nucleus.  On  the  contrary,  the  iudividual  fibres  ap|X!ar  mure 
consistent,  shrunken,  uneven  on  the  surface,  dry  and  brittle,  and, 
on  account  of  their  inrreased  opacity,  easier  to  recognize  than  in 
the  nnrnml  condition.  Tlie  nucleus  is  generally  so  much  the 
harder  and  larger  the  darker  it  is;  indeed,  cases  occur  in  which 
the  luu'leun  is  si'i  large  and  dark  that,  when  examined  with  the 
naket!  eye,  the  pupil  ap(>ears  blaek,  since  the  large  dark  nucleus 
leaves  but  little  space  for  the  semi-transparent  corticalis.  These 
cases  have  been  called  cataracta  ni^ra.  Their  diagnosis  wa^  diffi- 
cult Iwfore  the  time  of  the  ophtlirilitioscope,  but  a  single  glun<« 
with  that  instrument,  or  by  fo<!al  illumination,  suffices  to  make  the 
reliUiiuis  clear.  Ju  some  such  cases,  uptm  anatomiiiil  examina- 
tion, I  found  the  nncJeus  of  a  transparent  dark  red.  Microscopic 
examination  shows  that  the  dark  color  is  due  simply  to  a  dclimtc 
red  tin^e  of  each  individual  fibre,  and  that  the  dark  tinge  waa 
caused  by  many  of  these  lying  in  apposition.  Pigment  molecules 
were  not  present,  either  in  or  almnt  the  fibres  of  the  lens.  The 
yellowish  or  brownish  color  of  the  lens,  so  frequent  in  senile 
cataract,  is  caupe<l  in  exactly  the  same  way. 

Senile  cjitanut  is  oilled  "  ri|>e"  when  the  opacity  has  extended 
to  the  external  cortical  layers.  This  conditioh  is  in  general  de- 
sirable, but  by  no  means  necessary'  for  operation.  In  old,  so-called 
over-ripe  senile  cataracts  the  lens  is  generally  somewhat  flattened 
by  the  slirinking  of  its  fibres.  They  experience  simultaneously 
in  the  anterior  cortital  sulwtance,  changes  which  will  be  more 
purticularly  describerl  under  tlie  head  of  capsular  cataract. 


Cataract  may  develop  at  any  age,  even  during  f<etal  life.  Both 
IMirtial  and  total  cataract  occur  congenitally.  In  one  case  I 
found  an  emulsive  detritus  of  fibres  which  had  been  already 
formed,  ai»d  a  great  number  of  fatty  granular  cells,  which  proli- 
ably  consisted  of  a  detritus  of  the  embryonal  cells  destined  for 
the  formation  of  the  lens  fibres^.  Frequently  there  is  congenital 
amblyopia  in  connection  witli  congenital  catiiraet;  this  cannot  be 
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detected  for  some  yettrf;»  until  the  cliikl  has  attained  a  certain 
degree  of  mental  development.  The  heroditaiy  nature  of  con- 
genital cfitaruct  is  often  observetl ;  but  even  when  botli  ^Mirents 
have  normal  eyes  it  frequently  happens  that  several  of  their 
pliildreii  uii;  born  with  (aifiiract,  wlule  other  brothers  and  sisters 
remain  frvi:.  Onee,  indeed,  at  a  twin  birth,  I  have  seen  one  twin 
aifectetl  with  cataract  while  the  otiier  had  healthy  eyea. 

Furthermore,  the  variims  forms  of  cataract  may  develop  during 
C'hjldhoMl,  and  in  view  of  the  possibility  of  eo-existing  unddyopia, 
may  present  the  greatest  diagn«>Ktie  difficulties.  If  uysijigmus 
be  ahm  present,  one  may  conchide  that  ambly(>])ia  exists  with  the 
csitaract.  The  hereditary  nature  of  cataract  developetl  later  in 
life  has  been  proved. 

In  diat>etes  mellitiis  a  relation  is  known  to  exist  between  the  gen- 
eral tttndition  and  the  development  of  cataract.  In  a  ease  which 
wafl  chemically  examined  by  L.  Carius,*  a  great  quautity  of  :*ugar 
wa»  detected  in  the  aqutflus  humor,  and  it  probably  existed  in  the 
lens  and  vitreous  bc/ily.  Furtlier  luvesligations  must  determine 
whether  this  is  the  real  cause  of  the  cataract.  The  oft-repeated 
statement  that  cataractn  dialx'tica  generally  develops  very  rapidly, 
I  have  not  found  true  in  ca-scs  where  it  twcurred  in  aged  persons. 

J.  Meiert  ii^'^  recently  observetl  cataract  ils  a  consequence  of 
ei*gotism,  and  Rothinim(],J  a  case  in  connection  with  a  very  pe- 
culiar degeneratioi»  of  (he  skin.  In  must  cases  of  unconTplii-jited 
cataract  a  determinate  ciuise  cauuot  bo  ascertained.  It  caji  only 
be  averted  as  a  general  ride  that  the  frequency  of  cataract  is  in 
dire<*t  relation  with  the  increase  of  age. 

As  u  direct  and  immediate  cause  of  cataract  all  wounds  of  the 
leiiH  are  to  be  nametl  (cataracta  traumatica).  The  presence  of 
entozoa  in  the  human  leua  is  one  of  the  greatest  rarities. 

Among  those  caits<«  of  catai-act  which  have  their  seat  in  the  eye 
iteelf,  we  know  accurately  only  those  which  at  the  siime  time  are 
delcterioas  to  vision.  Among  these  belong,  for  instance,  certain 
cases  of  iritis,  especially  those  complicated  with  cyclitls  or  choroidi- 
tis,also  certain  forms  of  choroiditis,  either  with  ur  without  disease 
of  the  vitreous,  and  esjiecially  retinal  detachment  and  glaticonm. 


*  Klin.  Moimubl.,  1863,  pag.  172. 
f  Arob.  f.  Opbth.,  B.  viii.  2,  pag.  120. 
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The  diagnoHis  of  complicated  cataract  is  generally  not  difficult. 
There  are  either  evident  ehunges  in  the  iris  or  in  the  cornea,  or 
tlie  cataract  itself  shows  certain  peculiarities.  But  even  when  all 
other  evident  changes  are  absent,  the  presence  of  a  ooniplicaiing 
disturbanoe  of^  vision  can  generally  be  determined  by  carefully 
ttirtting  the  perception  of  lig!it. 

In  order  to  determine  accurately  the  degree  of  vision  in  cataract, 
care  should  Ix;  taken  that  no  difl\ise  light,  but  only  that  from  a 
flaiue,  reaches  the  eye.  If  the  exaniinatiou  be  made  by  daylight, 
the  patient  is  to  be  placed  with  his  back  toward  the  window  and 
the  light  not  allowwl  to  full  into  hit*  eyes  from  the  si<le.  Even 
when  there  is  total  clouding  of  tlie  lens,  fingers  can  often  be 
counted  at  the  distance  of  some  inches  from  the  eyes,  and  move- 
ments of  the  hand  recognized  at  the  distance  of  one  or  two  feet. 
If  ilie  field  of  vision  lie  free,  so  tliat  movements  of  the  hand 
can  be  recognized  from  the  side  of  the  eye,  tlie  |)erception  of  light 
may  l>e  regarded  as  sufficient.  If  one  wish  to  make  a  very  exact 
examination,  it  is  best  to  do  it  in  a  dark  room,  wltli  only  a  single 
lamp,  and  to  proceed  as  al>ove  de.scribe<l,  and  further,  by  lessening 
the  flame,  or  increasing  its  distance  from  the  eye,  to  determine 
the  smallest  quantity  of  light  whirli  the  |)atient  is  able  to  recog- 
nize. It  is  a  very  good  plan  to  place  the  lamp  l>ehind  the  patient 
and  then  cost  the  Bame  from  in  front  into  his  eye  by  means  of 
a  plane  mirror.  The  least  intensity  of  light  j>ereeptible  to  the 
patient  may  Ije  determined  by  holding  the  mirror  at  a  greater 
distance  from  the  eye,  and  more  easily  than  when  the  lamp  is 
U-wd  directly  as  the  source  of  light,  while  the  slightest  movement 
of  the  mirror  suffices  to  deflect  J"n>m  the  eye  the  reflected  rays. 

The  field  of  vision  is  tented  by  quickly  changing  the  position 
of  the  lamp  or  by  n^flecting  its  flame,  with  the  mirror,  into  the 
eye  from  various  points  in  the  ])eri})hery  of  the  field.  In  both 
caaes  the  patient  should  ]>e  able  quickly  and  accurately  to  state 
the  position  of  the  light.  The  method  of  testing  visiou  by  arti- 
ficial illumination  has  the  advannige  that  we  can  modify  the  inten- 
sity of  the  light,  and  i;*  therefore  the  one  to  be  employed  for  those 
cases  in  which  there  is  reason  to  suspect  some  oomplicating  disease 
of  the  eye. 

Eispecial  care  and  attention  should  be  had  iu  testing  the  [)er- 
oeption  of  light  in  the  soft  cortical  cataracts  of  young  individuals. 
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jmrticularly  when  xhey^  are  unilateriil.  C-oniplicatioiifi  with  intra- 
ocular (Iifse:Lses,  .«uL'h  as  (lcta«'liiiu'iit  ul*  the  retina  and  clouding  of 
the  vitreous,  are  relatively  muoli  more  im^uent  under  these  r'ir- 
cura^tances  than  in  senile  cataract,  and  even  by  the  most  careful 
examination  it  i.**  not  always  (Kwsible  absolutely  to  exclude  the 
existence  of  eoniplieations.  Even  where  there  is  partial  opacity 
of  the  lens  it  may  under  certain  circumstances  be  very  difficult  to 
determine  whether  vision  stands  in  the  [»r<»()(T  ndution  to  the 
degree  of  opacity  in  the  lens,  aw  determinetl  ophthalmoscopically. 
It  is  of  great  importance  in  all  these  cases  to  test  the  field  of  vision. 

Among  the  partial  opacities  of  the  lent*,  the  first  to  be  mciitionctl 
is  the  eataracta  incipiens, — that  is,  the  beginning  of  cortical  or 
nuclear  cataract.  One  frerpiently  tinds,  jv*  an  accidental  ophthal- 
■mpsoopic  discovery,  linear  ojKicities  in  tlie  equatorial  part  of  the 
cortiealis,  with  no  disturbance  of  vision;  the  latter  does  pot  occur 
until  these  o[»aeitiei«  invade  the  region  of  the  pupil.  Under  these 
circumstances,  so  long  as  viaion  U  sufficient  for  the  purposes  of 
the  individual,  it  is  l»est  not  to  inform  him  of  the  nature  of  his 
disciisc,  l)ecause  such  ojwcities  may  rt^nain  for  ye^rs  without 
making  any  further  progress,  and  it  is  certainly  not  right,  if  their 
eight  is  at  present  good,  to  cause  anxiety  in  the  minds  of  patients 
with  reference  to  a  blindness  winch  perhaps  may  never  occur,  or 
at  least  not  for  many  years.  Of  course  one  would  not  hesitate  to 
explain  the  nature  of  the  ilisease  to  patients  wha'se  vision  is  no 
longer  sufficient  for  the  demands  of  their  oocupation. 

More  rarely  uatiiracta  incipiens  occurs  with  a  quite  irregular 
flaky  clouding  of  the  anterior  corticalis,  immediately  below  the 
caj>sule.  In  such  eases  its  pnigress  is  generally  very  slow.  C'om- 
plicatious  with  choroiditis,  detachment  of  the  retina,  etc.,  exist 
in  many  but  liy  no  means  all  of  these  coses. 

Frequently  there  develojra  in  the  lens  a  great  number  of  fine 
points  or  irregular  lines,  betweeii  wliicli,  transparent  lens-substance 
remains  (cataracta  punctata  and  striata).  The  course  of  these  cases 
is  generally  very  slowly  progressive,  r^^  they  may  even  remain  a 
long  time  unchanged  in  a  condition  which  reduces  the  patietit  to 
a  very  insufficient  degree  of  vision.  In  such  cases,  just  as  in  the 
ver\*  slowly  progressive  nucle:ir  cataracts,  it  wouhl  Ik?  verj'  unwise 
to  postpone  operation  until  the  so-i^alled  "  rijjcness"  of  the  cata- 
ract,^ — that  is,  until  the  entire  lens  becomes  o|)aquc.     Generally 
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these  cataracts  are  ready  for  operation  much  earlier.  The  a;ri' 
of  the  patients  ^enerully  makes  it  inipo^ible  to  cini.se  re^irptinn 
of  the  cataract  by  iHscision,  while,  on  the  other  haiul,  in  tho  opcr- 
ati()n  by  extraction,  there  is  the  fear  of  leaving  behind  tmnspart'iu 
wirtiwil  masses.  Frequently,  however,  tlie  uofhiude*!,  or,  nu<re 
properiv  s|)ejiking,  the  nphth:ilnio.scopicaIlv  tninsjiareiu  cortiealiSj 
gnuIitalLy  bet-omes  hnnl  and  horu-like;  in  the  operation  it  corner 
away  easily  and  completely  frt»m  the  caipeulc. 

It  has  been  n'<t»inniended,  when  the  eorticalis  appeal's  to  have 
retained  lis  normid  consistenoe,  to  |)erf<prm  discision  some  days 
before  extraction,  in  onier  to  soften  the  corticalis  and  so  make  tV 
extraction  ea.sier. 

A  particularly  interesting  form  of  partial  lens  opacity  is  the 
lamellar  cataract.  Its  peculiarity  is,  that  between  a  trauHparcni 
cortit-nlis  and  a  iikewiso  tnuispiircnt  nucleus  there  is  n  clonded 
layer  of  leiiH-auIwtance.  Frt't[ueut]y  this  layer  has  upon  its  an- 
terior surface,  and  sometimes  too  ou  its  |)osterior  surface,  a  num- 
ber of  white  jioint.s;  in  other  rases  the  entire  clouded  portion  is 
filled  with  radiutin^^  lines.  Sumetimcs  similar  (igurtfs  or  irregular 
processes  extend  from  the  limits  of  the  oiiacity  into  the  tran^ 
part-lit  corticjil  siibstarifi*,  or  tln^  Bubsfcimt!  itsflf  may  likewise 
bu  clouded  in  a  dijfurie,  punctated,  or  limsir  manner.  Veri'  rurtly 
csLses  micur  in  which  several  layers  become  cloudetl,  while  Iwtween 
them  is  transpEtrcnt  lens-substance. 

There  iw  no  difficulty  in  the  diagnosis.  Upon  dilating  the  pupil, 
and  by  focal  illumination,  one  J>ee~s  behind  the  jnipil  a  uniform 
opacity  whose  convex  surface  lies  perceptibly  at  some  distance  from 
the  plane  of  the  pujiil,  and  is  s('|\arated  from  tlie  jK-riphery  of  the 
leu.-!  by  a  bhurply  define*!  boundary-Unc.  Generally  the  iKrsterior 
limit  of  the  lamellar  cataract  can  be  recognixt^d  through  the 
ojiacity  and  the  transparency  of  the  nui'Iens  at  tlie  same  time  be 
ol>j'ervwl.  Uiwin  ophthalmoscopic  illutninjition  the  entire  disc 
apjiears  dark  and  sharply  detineil.  But  when  illuminated  by 
light  falling  perpendicularly  uf>on  it,  and  when  the  o|)acity  is 
not  too  dense,  the  central  [liU't  often  shows  the  retl  reflex  tmra 
the  fuudus,  which  also  proves  the  tranf>]mren(W  of  the  nucleus. 

E.  von  Jaeger^*  who  Hrst  described  this  form  of  (sitaract  and 
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ned  it  anatomically,  explains  its  mode  of  oorurrencc  ns  fol- 

„  loW;*.     At  an  early  periixl  of  life,  when  the  lens  i»  still  in  llie  j>rt>- 

fcesi*  of  rapid  gmwth,  from  Honie  cauj*  or  other  an  opacity  forms  in 

the  external  cortical  layers,  which,  however,  by  the  growth  of  new 

lens  fibres,  gradually  are  pushed  away  from  the  ciipsnlc.     When 

thesie  new  lens  tibres  are  cjnitp  normal,  the  corticalis  will  Ik?  trans- 

Iparent;  when  they  are  somewliat  diseased,  it  will  I»e  clouded,  in 

the  manner  alwve  desepil>efl. 

I^arncllar  raUiracl,  in  (he  great  majority  of  cuece,  occurs  in  both 
at  the  same  time.  Whether  it  often  occurs  wm^nitally  nm- 
not  wiih  certainty  be  stated,  .*ince,  in  the  nnrrow  pupils  of  new-born 
children,  such  a  oitiiracl  may  be  easily  overlooked.  Thedevulnp- 
'meijtof  lamellar  cataract  in  childhood  has  l)een  proved  beyond 
doubt.  Arit  an<l  Ilorntr  rojjard  it  as  Mnncetetl  with  convulsive 
brain  disturhances,  Horner,^  moretjver,  ciills  attention  to  tfie  (;nin- 
cidenee  of  a  [wculiar  abnormity  of  the  teeth,  whi<h  depends  upon  an 
im|)erfert  development  of  the  enamel  hl»res  (the  so-iaillwl  nuhitic 
teeth).  Von  Graefet  olwervcd  the  txicuri'ence  of  lamellar  opacities 
three  times,  in  lenses  dislocated  by  injury,  and  once  with  iritis. 

Finally,  we  must  mention  certain  rare  eases  of  partial  opacities 

which  |H.'netrate  the  lens  in  the  direction  of  its  axis,  either  with 

or  without  sitnultanemis  lamellar  opacities.];     Moreover,  opacities 

lof  the  nucleus  in  the  form  of  a  triangular  radiating  figure  arc 

^oocAMionally  ol>served. 

Lamellar  cataracts  generally  remain  absolutely  stationary.   Cases 
in  which  they  have  been  foIlowc<l  by  a  shrinkage  of  the  entire  lens, 
or  where  cidcificatioik  of  the  clouded  layer  has  occurred,  are  among 
;,  the  greatest  rarities.*) 

With  lamellar  cataract,  vision  is  in  inverse  relation  to  the  extent 
and  degree  of  opacity,  providal  there  l)e  no  congenital  amblyopia 
or  nystagmus.  Myopia,  as  Donders  reniarks,  frequently  exists  with 
lamellar  cataract. 

In  the  treatment  of  lamellar  cataract,  the  tirst  step  is  to  deter- 

*  Klin.  Mo[itiuM.,  1860,  pug.  181. 

t  An-h.  f.  Ophth.,  B.  ii.  1,  pag.  273;  B.  iii.  2,  pag.  373. 

J  Pilj,  PrAgOf  Vierteljahrssehrift,  B.  xxv. ;  Von  Ammon,  Zoits<?brift  fur 
'Ophtbulnic'lo^ip,  B.  Hi.  pag.  Sti.und  kliniscliP  Darstellung,  etc.,  B.  iii.  pag.  67; 
,  E.  Miiller.  Arch.  f.  Ophth.,  B.  ii.  2,  pag.  169;  O.  Becker,  Bt-richl  iibcr  die 
'Wiener  Atigcnklinik,  Wion,  1867,  ]>Bg.  00. 

i  v.  Oraefe,  Arch.  f.  Ophth.,  B.  iii.  2,  pag.  379. 


mine  the  <logree  of  vision.  0|Micitie8  of  this  kind  ocxrur  which  iii- 
dewl  have  considerablo  siiiwrficial  extent,  hut  are  nt  the  samt;  lime 
so  thin  that  vi-iion  is  not  greatly  rwluced,  i>erha|>s  not  more  tltati  liv 
onL'-third  or  one-fourth.  Under  such  circnmstatioea  it  would  not 
be  well  to  resort  to  oi>erati(m.  If  the  lamelhir  entaract  be  ^o  aiiiall 
that  it  encrojiehes  only  a  little  upon  the  regiou  of  the  pupil,  many 
of  thcHe  patients  learn  in  the  interest  of  distinct  vision  to  shade  their 
best  eye  in  such  a  manner,  with  the  lmn<l,  that  the  ])iipil  dilates 
and  a  jmrt  of  the  uueloude*!  jieriphcral  zone  is  exported.  In  such 
caees,  too,  atropine  mydriasis  causes  u  very  considerabie  improve- 
ment in  vision.  The  continuous  use  of  atropine  may  l>e  allowed 
in  a  solution  so  graduated  tliat  the  pupil  is  not  dilated  ad  maxi- 
mum, but  only  so  widely  as  is  necessary  to  carry  it  beyond  tlie  bor- 
der of  the  cataniet.  The  objection  made  in  this  connection,  that 
the  atropine  niydriasrs  involves  a  paralysis  of  aceommo<iatioii,dt»es 
not  amount  to  much,  since  if  the  soluticm  be  pi'o|>erly  graduated, 
paralysis  of  accommodation  above  a  certain  grade  may  beavoi<led, 
aud  in  any  event  the  accommodation  may  l)e  replaced  by  cimvex 
lenses.  The  operation  of  iridectomy  can  .scarcely  lie  expecte<l  to 
cause  a  greater  improvement  in  vision  than  does  the  use  of  atropinc- 
Tlie  artificial  pupil  may  easily  prove  too  large  and  cause  dazzling 
and  indistinct  visIoD  by  enlarging  the  circles  of  diffasion.  At  any, 
rate,  the  operation  of  iridotoray  (comp.  page  314)  is  a  better  one. 

The  most  favorable  optical  conditions  could  be  obtained  bv  the" 
operation  of  iridotlcsia  (comp.  page  321)  if  it  were  not   for  tl 
danger  of  irido-cyclitis  connected  with  it. 

Ijuniellar  cataract  is  generally  so  large  that  only  a  narrow,  trans- 
parent, marginal  zone  exists,  or  even  this  may  be  dilfusely  clouded. 
In  such  easels,  when  vision  is  greatly  reduced,  aud  no  improvemeut 
can  l>e  attained  by  atrn]>ine,  the  remttval  of  the  lens,  either  by 
discision  up  by  exti*action,  is  indicated. 

Among  the  pjirtiul  o]>acltt(,*s  of  the  lens  belong,  still  fiiither, 
smaU  eataractous  spots  at  the  anterior  or  posterior  pole  of  the  lens. 

Cataracta  centralis  anterior  sometimes  occurs  congenitally»  and 
in  such  casc-s  alnvost  always  in  both  eyes.  It  develops  more  frc- 
(]uently  in  children,  and  somewhat  rarely  in  adidts,  in  consequence 
of  uloers  which  cause  perforation  of  the  cornea.     Arlt'a*  view, 


existmg  opinion 
:  corneal  iiUxT  remained  attiiohed  to  the  cap&ule,  tioes 
not  explain  the  oonnection.     1  have  satisfieil  myself  tliat  corneal 
nieers,  which  do  not  |>crforate  at  the  centre,  but  near  the  margin 
of  tlie  cornea,  may  cause  cataracta  ceiitmlis. 

The  contraction  of  tlie  pupil  after  the  esc^iie  of  the  aqueous 
humor  allows  only  tJie 'centre  of  the  anterior  capsule  to  come  in 
contact  with  the  posterior  Hurface  of  the  cornea,  and  this  alone 
seems  sutTicient  to  induce  a  disturbance  of  nutrition  at  this  place 
on  the  Icus. 

Frequently  the  central  opacity  ie  elevated  in  the  form  of  a 
pyramid  above  the  surface  of  the  capsule  j  indeed,  caees  have 
been  observeil  in  which  a  thread-like  connection  existed  between 
the  posterior  Httrfjice  of  the  airnea  and  the  capsular  eataruct. 
Cataracta  pyrainiiUdis  also  (xvurs  congeuitally,  but  it  generally 
devc1o|)A  during  childliuod. 

H.  Miillcr*  was  the  first  who  showed  that  in  cataracta  pyra- 
mi<lalis  the  entire  oimcity  is  situated  witliiu  the  capsule.  In  the 
case  which  lie  examined,  a  conifsi!  elevation  sat  upon  the  anterior 
surface  of  the  lens,  at  about  its  middle;  \i»  base  was  nejirly  round, 
and  ha(J  a  diameter  of  about  3  mni.,  while  its  height  was  about 
1  mm.  The  surfaw  of  the  elevation  was  uneven,  and  its  color 
an  intense  white.  It  consisted  internally  of  a  chalkj'  mass.  The 
capsule  extended  over  it,  following  the  irre^idaritiesof  its  surface. 

For  a  case  of  pyramidal  cataract,  wliioli  1  examiue<t  anatom- 
icatiy,  I  must  thank  the  kindness  of  Dr.  SumeUon,  of  Manchester, 
Itt  occurred  in  the  left  eye  of  an  individual  twentv-three  vears 
old,  who  in  his  third  year  had  the  small[w>x,  and  after  that  a  cen- 
tral eorueal  opacity  and  this  cataract.  The  apex  of  the  pyramid 
appeared  nearly  to  touch  the  jiosterior  surface  of  the  cornea,  its 
base  restetl  upon  a  sort  of  broad  pedestal,  which  had  an  uneven, 
wrinkled  surface  and  an  irregular  boundary. 

The  catanict  was  removed  by  linear  extraction,  preserved  in 
spirits,  and  given  ta  me  for  examination.  I  found  tlie  pyrumid 
about  2  mm.  high,  and  its  base  about  1.5  mm.  in  diameter. 
Umler  a  weak  magnifying  power  it  appeared  striped  by  a  great 


♦  Verhandl.  der  physik.  mcd.  GcDclUchaft  ku  Wfirrburg,  B.  vii.  jmg.  288. 
t  Opbtb.  Hoip.  Rop..  V.  I,  [>ag.  48. 
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number  of  fine  longitudinal  folds;  at  its  hase  it  was  cnntiniioHS 
w-ith  a  wrinkled,  hyaloid  nieuibrane,  wJiicli,  although  very  much 
thinned,  could  Btlll,  by  the  evident  reniaiiip  of  the  intra-captiular 
oellfi,  be  recognized  as  the  antennr  capsule.  In  oonncction  with  it 
there  was  a  thick  ma^s,  whiclj,  untlor  a  stronj;  majjnifyin^  power, 
appeared  striated  and  punctated.  It  cleared  up  with  dilute  acid. 
and  contained  distinct  tmces  of  a  delicate,  Ityaloid,  membranous 
gi*o\vth,  together  with  cholesterirs,  and  other  Iance-shape«l  crya- 
tals,  which  are  frequently  foinid  in  the  secondary  altered  cala- 
ractnuH  lens-substance.  Upon  perpendictilar  section  through  tl)e 
drietl  prejiaratioti,  the  pyminid,  from  base  to  apex,  appeared  to 
be  formed  of  tleliaitc  laniclhe,  arranged  ])a!*allel  to  the  surface  of 
the  lens,  sliowing  the  same  structure  as  capsular  cataract.  The 
lamellae  could  easily  be  ti^rn  apart,  except  uiwu  the  smoooth  sur- 
face' of  the  pyramid,  where  they  seemed  as  if  clt)sely  united,  to 
form  a  delicate  membrane,. without,  however,  its  being  |x»ssible  to 
isolate  such  a  structure.  At  the  bjuse  of  the  pymmid  was  a  fatty 
or  calcified  mass,  deei>er  still  a  striated  tissue,  and  lastly  amor- 
phnus  masses,  the  detritus  of  the  eataractous  lens-substanee. 

The  capsule  could  not  be  recognized  upon  sections  of  the  dried 
preparation  ;  it  must  have  become  torn  and  lf>st.  It  is  highly 
pi-oUible  that  the  i»yramid  was  covered  by  the  very  much  thinned 
anterior  caj^ulc.  If  tlie  pyrami<l  had  been  external  to  the  cap- 
sule, a  section  of  tlie  capsule  would  have  been  found  l>etvveeu  the 
base  of  tlie  pyramid  and  the  remains  of  the  eataractous  lens- 
substance,  since  at  this  place  it  oould  not  have  been  accideutidty 
lost  either  before  or  during  preparation. 

The  occurrence  of  pyramidal  cataract  may  l>e  explained  by 
supposing  that  at  au  early  [>eriod  of  life,  during  the  existence  of 
a  corneal  fistula,  an  adliesiou  forms  between  the  inner  surface  of 
the  c<jrneii  and  the  (rapsule  of  the  lens,  which,  when  the  cornea 
becomes  again  gradually  removed  from  the  lens,  is  <lrawo  out  to 
a  point. 

At  present  no  one  wouM  attempt  the  ex|>eriment,  formerly 
much  practised,  of  detaching  the  pyramidal  cataract  from  the 
anterior  surface  of  the  lens,  unlcKs  he  meiuit  jmrposely  to  opeu 
the  cji|)sule  and  cause  the  absorption  of  the  lens. 

In  general,  operative  interference  is  seldom  inditaited  in  cata- 
racta  centralis,  since  there  is  generally  an  absolutely  transparent 
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portion  of  the  leiiH  ()etween  the  opiifity  and  the  margin  of  the 
jjupil.  ir,  under  such  cirruiustaui'es,  vision  do  not  .setMu  pro- 
portionute  to  tlic  tran?<]iureiiLT  of  tlio  rcfrautinjr  tneilia,  no  im- 
provenieut  can  Ije  expected  irom  a  cataract  oporation. 

CircnmscrifxHl  opiicitics  of  the  posterior  corticalis  silways  awalcen 
a  suspicirtn  of  a  i-oinpllcatin^  distnine  of  tlie  internal  int^mhranes  uf 
the  eye.  For  instance,  in  choroiditis  or  in  pigmentation  of  the 
retina,  nifiiating  and  often  featlipred  stria*  are  seen  converging 
towaiil  the  piwterior  poK%  upon  tlie  jiosterior  surface  of  the  lens. 
With  dilatation  of  the  pupil  and  fm-a]  inumiiiatloii  the  opacity  in 
the  jMisterior  (Tirtirali'^  and  the  tntnsparenw  of  the  anterior  poitiou 
of  the  lens  can  he  easily  dunmnstrntcd. 

Still  more  frequeitt  than  this  form  are  certain  small,  circum- 
scrilwHl  opacities,  which  develop  in  chronic  diseases  of  the  internal 
ocular  membranes,  in  the  region  oi'  the  |yoytcrior  |>ole  of  the  lens, 
and  therefore  are  called  cat;iraeta  jiolarirf  posterior.  They  are 
quite  fretjuent,  for  instance^  in  stai>iiyloraa  posticum  with  sec- 
ondary choroiditis.  In  many  eases  their  anatomical  position  is 
rather  within  the  vitreous  than  in  tlie  lens. 

Calcification  of  the  lens  occurs  most  frequently  in  complicated 
cataract,  and  liegins  often  as  capsular  cataract,  which,  under  these 
conditions,  may  attain  a  very  consideral>le  <levelopmciit.  Tlie 
chalky  deposits  (mostly  carbonate  of  lime)  appear  generally  as  a 
grejil  number  of  isi»hiled  gratudes,  or  in  sphericral  formaliuns  eom- 
jMie^cil  of  concentric  layers.  When  the  lime  is  dissolve*!  by  acitl,  an 
organic  substance  is  left  behind.  The  chalky  deiuwit  generally 
takes  place  immediately  upon  the  sujKrficial  cataraetous  layers  of 

»lhe  lens.  A  shell  of  chalk  varying  in  tliickness  is  formed  i>eneath 
the  capsule,  and  if  at  the  time  of  tlie  chalky  deposit  the  fibres  of 
the  lens  were  not  fully  dissolverl^  their  form  may  l«j  preserved 
by  petrifaction  in  the  living  eye.  The  entire  lens  may  become  so 
calcified  that  it  is  transformed  into  a  stony  concretion,  which  is 
still  enclosed  in  an  atrophied  capsule. 

lu  such  cases  tliore  is  generally  a  hwweidng  of  the  normal 
attachments  of  the  lens,  due  to  the  liquefaction  of  the  vitreous 
body  and  the  atroj»hy  of  the  zouula. 

Striking  oscillations  of  the  lens  ciu\  be  seen  during  movements 
of  the  eye,  or  it  may  have  sunk  entirely  away  irom  its  normal 
position.     If  the  lens  sink  into  the  anterior  chaml>er,  it  causes  a 
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very  irritable  (i)nditioi],  which  after  a  time  passes  nver  into  in- 
flaninmlioii.  M'hen  the  lens  has  only  very  recently  fallen  into  the 
anterior  chanil>er,  it  is  gL-nuniily  sulficicnt  to  dilate  the  pupil  with 
atropine^  and,  by  throwing  the  head  backward,  allow  the  chulk 
concrenient  to  sink  hnck  into  the  vitreous  Ijody.  If  this  do  not 
sucit'ed,  the  extraction  of  the  wilcilieil  )ens  is  necessary. 

In  buch  canes  the  lens  must  be  fixed  by  a  needle  thrust  into  its 
posterior  surface,  befoi'c  the  chamber  is  (ipcne<l.  If  this  precjiu- 
tion  be  onittted,  the  eseape  of  the  a(|ueou.'>  humor  allows  the  V'na 
to  come  in  contact  with  the  cornea,  and  it  is  immediately  pushed 
back  thro!i^h  the  pnpil  and  disappears  in  the  vitreous  body. 

OPERATION   FOR  CATARACT. 

The  different  tnothoils  of  operating  on  cataract  have  for  their 
object  either  to  remove  tlie  entire  lens,  tlirough  a  suitable  o|»ening 
(extraction),  or,  by  sjtHt^ing  the  anterior  capsule,  to  ex|W9e  the  lens 
to  the  action  of  the  H<[ueou8  Immor,  and  so  cause  its  aljsorption 
(discision). 

The  methods  by  which  the  lens  was  pushetl  away  from  behind 
the  pupil  (n^'lination)  are  no  longer  pmctised. 

Soft  curtit-al  cataracts,  in  whicli  the  entire  lens  has  become  c^m- 
vcrtcd  into  a  thick  Hiiid  miu<s,  and  which  contain  no  hard  nut-leus, 
may  often,  with  advantage,  be  extractetl  through  a  linear  corneal 
wound. 

This  method  of  extraction  by  the  linear  incision  was  first  me- 
thodically practisetl  by  Gibson,  in  1811,  and  by  Travers,  in  1814. 
In  Gerninny  it  was  principally  ]>ractised  by  Friedrieh  von  .bieger 
for  cnjksulur  cataract.  Vnn  Graefe  preferrtnl  it  to  all  others.  He 
opened  the  anterior  chamber  by  a  puncture  at  the  temporal  side 
of  the  cornea.  It  is  advisable  to  make  the  wound  upward,  in  view 
of  the  possibility  that  a  prolapse  of  the  iris  may  occur,  which  it  will 
be  necessary  to  remove.  The  lance  knife,  held  at  a  oonsidernble 
angle  with  tlie  corncii,  aiul  still  in  such  a  way  that  the  ca|isnle  of 
the  lens  will  not  be  wounded,  is  introduced  at  2  or  2.5  mm.  t'utm 
the  niarginof  the  sclera,  and  the  wound  so  made  that  its  outer  aspect 
measures  about  5  mm.  aud  its  inner  aspect  4  mm.  The  cnpsnle 
is  then  freely  opene^l  with  a  sharp  hook  or  cystotome.  The  s^oft 
lens-substance  then  presses  forward  into  the  pupil,  an<l  its  {•ann- 
pletc  <Iisi4iarge  from  tlie  eye  is  assisted  by  causing  the  wound  to 
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gape  by  nican«  of  a  Daviel  spoon,  while  (flight  pressure  is  made 
witli  the  finj^er  on  the  margin  of  tlie  cornea  op|H>stte  the  spoon. 
After  the  t*omplele  discharge  of  the  lens^  the  e^e  is  closctl  willi  a 
baiidtige,  and  the  pittieiit  kept  for  a  day  or  two  quiet  in  M. 
The  afler-treatuieut,  when  the  course  is  normal,  ih  simply  tiie  use 
of  atropine. 

The  iridieatinns  for  this  treutment  are  quite  limited.  Discision 
with  abroad  needle  is  to Ijo  prL'Turretl  io  cataracts  which  arc  wholly 
fluid,  aiich  as  often  ociHir  in  childhood.  The  small  wound  made 
by  this  method  in  the  cornea  is  sufficient  to  admit  the  es(a»|>e  of 
the  flui<l  lens-snlwtance  without  the  datijrer  of  prolapse  of  the  iris. 

If  a  ^hrihkaiie  has  ulremly  taken  plaice  in  a  soil  corti«\l  «ita- 
ruct  of  some  standing,  it  has  no  lon^tr  the  consistence  desind>le 
for  the  linear  extraction,  and  generally  discision  is  indicatetl.  In 
cases  in  which  jiosterior  synechia?  exist,  or  in  whieh  the  presence 
of  a  hartl  nucleus  is  probable,  the  l>est  metlxid  is  tliat  by  tiie 
|>eripheral  linear  incision,  which  is  yet  to  be  deseribed. 

Until  late  years,  the  tiiothtMl  by  the  flap  incision,  suggested  by 
Daviel  in  1748,  was  (he  only  one  practiisetl  lor  cataracts  svith  a 
liartl  nucleus. 

This  methcwl  was  ns  follows.  The  cataract  knife  was  inscrte<l 
in  the  cornea  about  1  mm.  from  its  margin,  carried  forward  with 
ite  surface  parallel  to  the  iris,  and  the  counter-puncture  made  at 
the  opposite  and  synimetrical  point  <if  tlie  cornea.  The  incision  is 
ended  by  pushing  the  knife  still  farther  toward  the  rnetlian  line, 
directing  it  in  such  a  way  that  the  entire  wound  will  be  |>arallel 
with  the  margin  of  the  ajniea. 

The  flap  may  l>e  maile  in  any  convenient  direction,  and  tins  is 
generally  downward.  By  reason  of  its  sha|H>,  the  cataract  knife, 
go  h»ng  as  it  is  pnslied  forward,  completely  fills  the  cornRiil  wonnd, 
and  accordingly  the  aqueous  humor  U  retained  until  nearly  the 
completion  of  the  incision. 

The  escape  of  the  aqueous  humor  is  followed  by  a  correspond- 
ing eonceutrie  diminution  «tf  the  volume  of  the  entire  eyelxill. 
The  lens  and  iris  are  pushed  t'oruurd.and  come  in  ap]>o.sition  wilJi 
the  ])o&terior  surface  of  the  cornea.  In  many  cases,  however, 
especially  in  old  persons,  the  sclera  is  so  rigid  that  after  theescai)e 
of  the  aqueous  humor  it  prevents  the  necessary  conii>ensating 
clmnge  In  the  form  of  the  eyeball.     The  lens  aud  iris  cannot  then 
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come  fonvtirfl  sufficiently,  anH  oonseqnently  the  comea  sinks  in 
aiitl  becomes  wrinkled.  AIUt  ilie  removal  of  the  leni*,  this  so- 
c-alJetl  collapse  of  the  cornea  Ls  still  greater. 

The  seoonrl  aot  of  the  operation  oonsistfi  in  oj>ening  the  ca|>siilo 
of  the  lens  by  splitting  it  fively  in  Beveral  directions  with  a 
(ystotonie  or  eatarAct  needle. 

The  (liinl  aet  is  the  removal  of  (he  lens.  Itfi  norninl  ]K»dltion, 
|)arallel  with  the  base  of  the  rornea,  miibt  be  ehanged  so  that,  for 
instiinoe,  with  a  Hap  incision  mafic  downward  the  lower  e<lge  of 
the  lens  comes  forward  and  presents  in  the  wound.  Toaeeomplish 
tlii*  it  is  often  sufficient  to  dlr&H  the  patient  to  look  upward.  The 
muscidar  contraction  involvi^l  in  this  eftbrt  exen-ises  a  compression 
of  the  entire  oontents  of  the  cyel)all,  and  as  this  prensure  meets 
with  no  resistani.*c  opposite  the  wound,  the  margin  of  the  lens, 
which  lies  Just  hero,  is  forcetl  forwartl.  If  tl»is  physioh>gical 
pressure  prove  insufficient^  it  must  be  supplemented  by  external 
pressure  acting  in  the  same  dii-ection.  To  this  end  slight  pressure 
is  made  upon  the  margin  of  the  cornea  in  the  direeliou  of  the 
centre  of  the  eyeball,  by  means  of  the  Daviel  spoon,  or,  better 
still,  with  the  margin  of  the  upper  lid;  the  edge  of  the  lens 
l)eing  thus  fonxnl  u|)  into  the  wnund,  its  escape  is  assisted  by  a 
slight  pusliiiig  movement.  The  lens  first  pushes  before  it  timt 
portion  of  the  iris  lying  behind  the  wound,  and  then  ap(>ears  in 
the  pupillary  o]>euing.  As  s(x>n  as  its  greatest  diameter  is  engaged 
ill  the  pupil,  the  pressure  must  l»e  lessened  or  entirely  removed.  If 
ne<'essar\',  it  is  better  to  work  directly  ui>on  the  now  exposed  lens 
with  the  David  spmtn,  or  h"M)k  it  with  the  cystotome. 

After  rtmioviiig  the  lens,  the  iris  is  to  be  replaoed  in  its  normal 
position,  and  the  discharge  of  any  remaining  |>ortions  of  cortical 
substance  effected.  If  posslblcj  both  should  l>e  iinv>mplish«l 
simply  by  manipulation  of  the  eyelids.  yot\  circular  rubbing 
movements,  made  ]>y  the  up|icr  lid  upon  tlie  cornea,  restore  the 
iKirinal  shape  of  the  cornea,  ami  ml)  tlie  remaining  cortical  sul>- 
stancc  together  in  the  ]mj)illary  s|»acc,  whence  it  can  be  discharged 
through  the  wound  by  gliding  movements  of  the  upjier  lid.  As 
tlie  last  act  of  the  operation,  Von  Hasner*  recommends  a  slight 
puncture  of  the  vitreous  body  in  the  depreef^^iou  left  by  the  leus. 
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A  well-heal«i  flap  extraction  is  fertaiiily  one  of  the  most  satis- 
factory o[>erative  results.  Thcru  rcniaints  in  the  con»c;i  n  st^rcely 
vLsibitt  jHriphtral  s-ar,  the  pupil  retains  ita  nurinal  sizeuiid  move- 
ment, mily  the  flatitess  and  ileeji  pasitiou  of  the  iris  and  its  oscil- 
lation durini^  movements  of  the  liend  lietray  the  absence  of  the 
lens.  But  so  satisfactork*  a  result  is  by  no  means  certain  ;  indt-wl, 
it  is  attained  in  scarcely  half  the  cases. 

The  healing  is  often  interfered  with  or  delayed  by  some  eanse 
or  other,  and  the  result  is  vary  lrii[MTfeot  vision,  or  even  absohite 
blindness. 

ft  is  evident  that  the  operation,  even  when  skilfully  performed, 
must  be  reganled  as  a  very  serious  one. 

Nearly  one-half  the  cornea  is  cut  off  from  its  natural  source  of 
nutrition,  and  it  is  difficult  to  see  how  a  cotnpensatiuf^  <f>]Iateml 
supply  is  possible.  That  this  defective  nutrition  is  fremieiitly  the 
cause  of  necrtieis  of  the  cornea  eunuot  l>e  duul>te<l.  The  extensive 
**nu(;ir<*ular  wound  never  closes  accurately,  and,  instead  of  healing 
by  tirst  intention,  a  suppurative  process  may  wTur  which,  by  de- 
struction of  the  corn«ia  or  by  consecutive  iritis,  may  pi*ovc  ruinous. 
The  form  of  the  wound  inclines  it  so  little  to  spontniUKHis  closure 
that  any  traction  or  ]»ressure  on  the  eye,  or  any  sudden  movement, 
may  cause  it  to  reo|>en.  The  escapinj^  aipieous  humorwill  in  that 
awe  float  the  iris  forward,  an<l  its  ]>rolapse,  with  all  its  unfortunate 
oonse<|uences,  the  distortion  of  the  wound,  the  inflation  of  the 
prolajjsctl  part,  severe  irritation,  etc.,  may  be  tin:  n-siilt  of  this 
accident.  It  is  advisable  to  remove  promptly  any  prolapse  oi' 
the  iris  which  may  occur  after  au  oj>er.ition. 

Even  when  the  iris  is  not  injuretl  in  the  least  by  the  instru- 
ments duriuj^  the  o|>eration,  it  is  always  forcibly  stretched  'an<l 
pressed  during  the  |Kissage  of  the  catamct  through  the  pupil, 
especially  in  old  jwrsons,  in  wliotu  frinpiently  the  tissue  of  the 
iris  lus  become  so  rigid  tliat  only  a  slight  dilatation  of  the  pupil 
can  1m:  effi'ctwl  by  the  atropine.  The  injury  thus  caused  to  the 
iris  is  l'i-ei|uently  prove<l  by  the  pigment  frotn  the  uveal  layer 
found  on  the  lens  after  its  removal.  At  all  events,  this  method 
of  ojwration  is  very  likely  to  iiidure  iritis. 

This  Unng  true,  it  was  natural  tlnit  attempts  shmild  Ix^  made 
toward  Improving  the  method  of  operation.  Supported  by  the 
experience  of  nia'st  ol>serverg,  that  cases  in  which  :i  purlion  of  the 
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iris  linH  Ix'on  afcideiitully  cxcisetl,  provcnl  quite  as  surt-essful  as 
others,  Von  Grael'e*  reoorameti<le(l  the  cx)iubitwtiou  of  iridwtoraT 
with  the  flap  Inoision  in  all  cases  in  which  any  difficulty  was 
px[»erience<l  in  perforniinjr  th(!  operation  by  the  old  nietlxxi, — for 
instance,  vvlien  the  flap  incision  or  the  oponinp  in  the  ca|»su!e  lias 
not  Usn  made  large  enough,  or  when  llie  corticalis  apitears  .so 
stronjjly  adiierent  as  to  prevent  the  lens  front  slipping  out  easily. 
He  re^-oiuniendcd"  iridectomy  also  in  cases  where  there  is  inipt*rfiict 
clownre  of  tlui  wound,  and  wiusuquently  reason  to  expect  prolapse 
of  the  iris;  an*!  further,  in  cases  where  there  is  a  small  an<l  rigid 
pupil,  with  a  hartl  ^Uaract,  or  where,  on  account  of  unripcne:^, 
]>ortions  of  the  corti(sd  siihsUmee  are  left  l)eliiud,  or  where,  in 
ripe  cataracts,  the  same  thing  happens  in  consequence  of  exooesive 
viscidity  and  adherence  of  the  cortit-al  sul»i*taucv ;  further,  in  all 
cases  where,  on  account  of  general  marasmus,  a  deep  position  of 
the  eyeball,  due  to  atrophy  of  the  orbital  fat,  limitation  in  the 
movements  of  the  eye,  t'olIaj)He  of  the  <Hiruea  from  loss  of  elas- 
ticity in  the  sclera,  or  concentric  shrinkage  of  the  corneal  flap, 
tiierc  K  tlio  prolmbility  that  the  wound  will  heal  badly.  In  eome 
cases  Von  Gracfe  |)t?rfornied  iridectomy  at  the  same  time,  and  in 
others  some  weeks  before  the  cataract  opemtion.  With  rcfercrtcc 
to  the  cffert  of  the  iridectomy,  Von  Graefetwmie  to  the  conclusion 
that  it  could  neither  avert  total  necrosis  of  the  cornea  uor  partial 
suppuration  of  the  wounil,  hut  simply  that  the  course  of  this  last 
procty^s  is  to  some  extent.  favorjd>ly  niodificil  l>y  it. 

The  danger  of  circumatril>e<l  snppuration,  aside  from  the  possi- 
bility of  its  becoming  ditRise,  lies  not  so  murh  in  the  destruction 
of  the  cornea  a^  in  iritis,  propagattnl  from  the  wound.  Pus  aj>- 
pears  in  the  anterior  chamber,  and  the.iris  is  swelled  by  a  puru- 
lent in(iltratii>n.  This  particular  form  of  iritis  seems  much  in- 
clined to  cause  irreparable  loss  of  viHion  by  atrophy  of  the  eyeball. 
The  combination  of  the  extraction  with  an  iridectomy  does  not,  it 
is  true,  do  away  with  the  possibility  of  such  a  propagation,  but  it 
surely  acts  to  a  certain  extent  against  it.  The  process  is  uttt  so 
oft«n  develojied  and  is  not  so  severe.  Adhesions  of  the  iris  to 
the  lens  do  not  form  so  rapidly.     Iridectomy,  moreover,  does  not 

*  Arch.  f.  Ophtb.,  1866,  B.  ii.  2,  pag.  24T-248. 
f  Klin.  Monuubl.,  1863,  pu,c.  141. 
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preoUulo  the  occurrence  of  Iritis  <hje  to  vioJciife  done  the  iris 
during  an  opc'ratioi)  or  to  corticul  substance  left  l^ehind. 

At  the  same  time  Von  Graefe's  experiments  took  another  di- 
rection. The  good  re>uh.s  followmjr  lineiir  extrartion  of  soft  cata- 
ract su^ested  the  idea  ihiii  the  nielhod  could  l>e  ernfilnved  also 
in  cataracts  having  a  hard  nudeiiH.  HIm  finst  experiment*  was  to 
ninke  an  incision  ecjual  to  one-fourth  the  circumference  of  the 
cornea  with  a  broad  liince  knife,  ou  the  temporal  side,  and  exactly 
al  the  corneo-scleral  Ix>nndary;  the  iris  wiis  then  seizetl  in  the 
usual  manner  with  the  forceiw  and  excised,  tmd  the  oa|H*ulcT«?cly 
o|)ene<l  with  the  cystotorae.  Lastly,  a  spoon  spatula  was  iiitri>- 
du(y<l  Ix-hind  the  nucleus  and  its  fragments  thus  Imnight  otit 
t]i  rough  the  wound. 

Nil  jj)K>d  fortune  attendnl  this  practice,  and  it  was  in  no  way 
inipmvrd  by  the  n>e  ol'  \Vald:iir.s  .spo(»n. f  But  somewhat  later, 
Crilchett  and  BowraanJ  took  it  up  ami  introduced  very  important 
mwlifittitions.  The  incision  wns  nimlc  at  the  n[>per  part  of  the 
cornea;  a  broader  lance  was  useil,  ami  the  wound  njade  larger, 
90  as  to  occupy  from  one-fourth  to  one-third  the  margin  of  the 
i-ornca,  and  the  extraction  spoon  used  wns  nim-h  stnaUtT. 

The  principal  di(roren<«  between  their  two  melliods  <)!' ojK'ratioii 
wTis.  that  Critchett  made  the  puncture  in  the  cornea  about  1  mm. 
fnmi  its  margin,  while  Bowman  made  it  exactly  at  the  corneo- 
scleral btmndary. 

Shortly  previous  to  this,  Jacolfson§  had  recommended  a  similar 
peripheral  incision,  laying  great  importance  upon  making  the 
flap  as  large  as  |xjssible,  so  that  the  largest  nucleus  w  ith  the  eor- 
ticalis  about  it  could  pass  through  easily.  Jaeobson  therefore 
made  his  incision  in  the  llmbus  i^onjunetivse  corneie.  After  the 
lens  was  remove<l,  a  broad  piece  from  that  portion  of  the  iris  wldeh 
had  been  bruised  by  the  lens  was  excised  as  far  back  as  its  ciliary 
margin. 

The  methml  l>y  the  peripheral  linear  extraction,  which  Von 
Graefe  finally  practised,  followed  upon  Bowman's  and  Critchett's 


•  Arch.  r.  Ophth.,  1869,  B.  t.  1,  png.  lf>8. 

t  Dlf  AusldffV'luD^'  des  Staiire.i,  Berlin,  I860. 

♦  Ophih.  Ho«p.  Rop.,  1866,  vol.  iv.  pnrt  -I,  p»g.  315  and  332. 

\  Kill  tif-'uea  uu<]  fcefulirloiieii  O^rerativuitverrulircu  zur  Huitung  (let  gmuen 
Sturs,  Berlin,  1803. 
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iuc'(.htK].'<j.  Pr(Kt»t*(liiig  oil  the  |irim*iplH  timt  iii»on  a  spherinal  Piir- 
fact?  tiie  .shortest  distniice  Itctweeii  two  fvoiots  muBt  be  upon  the 
lino  of  a  ijrwit  rirele,  Von  Gracfe  Jirrive<l  iit  the  txmclusion  that 
it  waH  impussilile  with  a  lame  knife  to  nmke  a  linear  incision 
long  enough,  siuoo  to  do  it  tlio  point  of  the  knife  must  hedireited 
lowanl  the  centre  of  the  eye,  in  whieh  ease  the  iris  and  lens  wunld 
certainly  be  Injured.  Jiut  if  the  incision  be  begun  by  puncture 
and  coHUter-jnincturo,  tliere  is  no  difficulty  in  so  completing  the 
ineltiiun  whicli  ufmll  unite  tliese  two  points  that  it  .sii:ili  form  a  por- 
tion of  a  great  circle.  The  length  of  the  wound  should  equal  llw 
liori/.untal  diameter  of  tlie  cornea, — about  11  iniu., — and  should 
be  jimde  at  the  upper  corneal  margin  in  order  to  obviate  as  much 
as  possible  the  optical  disadvantages  conuocted  with  an  iride<.^tomy. 
The  points  fur  jiumiure  and  counter-puncture  are  deterniinetl  by 
imagining  a  tangent  to  be  drawn  from  each  extivinitv  of  the  hori- 
zontal diameter  of  the  oornea,  ttien  a  line  ]>ara]Iel  with  this  di- 
ameter and  2  mm.  Ix'low  the  upper  margin  of  the  cornea.  The 
j>oints  where  this  liL-jt  line  intersects  the  tjingents  are  the  ones  de- 
sired; they  lie  about  1  mm.  from  the  margin  of  the  cornea.  If 
now  the  incision  were  made  exactly  in  the  liue  of  the  great  circle 
connecting  tliese  |K>int.s  of  punctun*  and  L'«Mmtcr-piinctui^,  a  por- 
tion of  the  external  wound  would  pjLss  through  the  cornea.  But 
to  insure  its  nniforinity  the  incision  should  be  made  entirely  out- 
side the  external  cornwd  surfacre ;  ami  still,  since  the  Inner  surface 
of  the  cornea  is  larger  than  its  outer  siu'fuce,  the  inner  wound  will 
be  entirely  in  the  cornea,  its  ends  slightly,  but  its  middle  more 
4lecide<lly,  removed  from  the  scleral  boundary.  Scarcely  more 
than  one-fourth  of  the  whole  wound  is  in  the  scleral  tissue,  the 
rest  being  in  tlie  jicriphcral  zone  of  the  cornea. 

Soiin^  difliL-ulty  attends  the  exu'utiou  of  the  incision.  If  the 
blade  be  t^irrietl  upj  parallel  to  the  plane  of  the  iris,  the  middle 
portion  of  the  incision  will  be  too  far  in  the  jx'riphery,  involving 
the  danger  of  prolafjse  of  the  vilrtH>iis.  If,  trying  to  avoid  this 
fault,  the  etlge  of  the  knife  l)e  turneil  somewhat  forward  when 
the  incision  is  about  half  completed,  an  abrupt  angle  is  ina<le  in 
the  line  of  the  incision,  which  is  very  unfavorable  for  the  exact 
apposition  of  the  edges  of  the  wound. 

It  is  best  frcmi  the  moment  of  the  puncture  to  give  the  blaile 
of  the  knife  the  direction  which  it  is  to  follow  till  the  completion 
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&  incision, — that  is,  tlic  flat  of  the  bliule  not  |>arallel  with 
Uie  irifi,  but  its  e<lge  directetl  8oiu<?\vhat  forward.  At  the  same 
time  this  inclined  |>odition  of  the  hiade  [iiilst  not  be  too  great  when 
the  aqueous  humor  escapes,  wliioh  geuerully  happens  as  soon  ns 
the  <^unter-punot«rc  is  made,  for  the  back  of  the  blade,  if  it  be 
hehl  too  mueh  incUued,  nibs  across  the  lens  and  may  tear  the 
soDula  and  displace  the  lens  it^lf.  For  this  same  reason  the 
knife  should  be  as  narrow  as  possible. 

The  |xtiut  of  the  knife  shouKl  not  immediately  l>e  directetl 
toward  the  point  of  oonnter-puncture,  but  in  order  to  make  the 
inner  aspect  of  the  wound  us  large  as  possible  it  should  at  fir^t  be 
directetl  somewhat  downward  and  toward  the  centre  of  ibe  puj)!!. 
As  soon  as  the  knifc-pi»iut,  iti  nuiking  the  counter-puncture,  has 
h^^Bed  through  the  solera,  the  aqueous  humor  osciipes  under  the 
fenjnnctiva  and  distends  it  for  a  grtsiter  or  less  extent.  No  at- 
tention should  be  i)aid  to  this,  but  the  incision  should  be  continued 
in  the  direction  chosen,  till  tlie  sclcm  is  entirely  cut  througli.  The 
knife  is  then  freely  movable  under  the  loosened  conjunctiva, 
which  now,  iu  order  to  avoid  making  the  flap  too  long,  is  to  be 
cut  through  by  directing  the  edge  of  the  knife  forward.  If  the 
conjunctiva  be  very  distensible,  the  point  of  the  knife  may  uot 
come  through  it  at  a  |xiint  corresiiondiiig  with  the  counter-puncture 
in  the  sclera,  but  somewhat  higher  up  and  later  in  the  progress  of 
the  incision.  If  this  ha]>|>en,  the  eonjunctis'al  wound  slionhl  be 
enlarged  with  the  scissors,  so  that  the  conjunctival  fla[i  may  retract 
well  from  the  prolapsed  iris.  Immwliatcly  upon  the  completion 
of  the  corneal  flap  the  iris  generally  prolapses  S|)ontaneou8ly,  and 
must  then  be  excise<l. 

The  fixation  forceps  are  given  to  the  assisCoutj  and  with  the 
straight  iris  forceps  the  coujuncli\:il  fla]>  is  lifted  away  from  the 
prolapsed  iris  and  reflected  upon  tlic  cornea.  The  iris  is  then 
grasped  with  the  same  forceps  near  the  temporal  angle  of  the 
wound,  and  carefully  cut  away  by  three  or  four  strokes  with  the 
scissors,  gradually  carried  towanl  the  me<lian  angle  of  the  wound, 
slight  traction  being  meanwhile  made  with  the  forceps.  A  very 
careful  excision  of  the  iris  is  necessary,  for  by  it**  prolapse  and 
incarceration  in  the  wound,  healing  is  interfered  with;  and,  fur- 
thermore, the  prolapsed  p<»rtion  may  at  a  later  stage  become  a 
permanent  centre  of  irritation,  or,  giving  rise  to  stapliyloma,  may 
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destroy  the  normal  curvatiini  of  the  cornea.  After  the  excision 
of  the  iri.s,  aire  shouhl  l>e  taken  that  its  cut  edges  are  retnrne! 
to  tiieir  proper  position.  If  the  irif>  apix^ar  to  be  caught  in  the 
angles  of  the  wound^  the  attempt  may  be  made  to  replace  it  by 
liglitly  rubbing  thr  wirneu  wtlli  the  convex  surface  of  the  catsiratil 
KiH>on.  If  only  the  ui<^dian  uugle  of  the  iria  remain  in  the  wound, 
it  may  frequently  lie  reJeased  by  a  delicate  pressure  with  the  hack 
of  the  cvstotoine,  wUtm  trilnnlu('ing  that  for  the  purj«)se  of  o|)en- 
iiig  the  capsule.  The  opening  of  the  ca|>sule  should  be  by  free 
inciisions,  extending  quite  aeroHf^  tlic  Icus  at  both  sides  of  the  pupil, 
and  theoystotome  should  be  Ijent  in  a  .suital)Ie  manner.  This  ma- 
nceuvre,  however,  nmst  I>e  i^erfonued  careftdly,  to  avoid  displacing 
the  lcns»  either  by  pressure  or  by  traction,  an  aeiMilcnt  which  may 
easily  occur,  especially  with  liani  cataract. 

W'licn  the  way  for  the  exit  of  the  lens  is  thus  made  ready,  its 
removal  is  accomplished  tn  essentially  the  same  manner  as  in  the 
flap  incision. 

In  the  normal  course  of  the  oiwratioii  the  extraction  of  the  lens 
does  not  require  the  iiitriHUiction  of  a  spoon,  hook,  or  any  other 
instrument.  Just  as  in  the  flap  incision,  tlie  discharge  of  the  lens 
may  bo  effected  by  manipulatiouH  with  the  eyelids.  Since,  however, 
for  making  the  incision  at  the  upper  portion  of  the  cornea,  it  is 
more  couvenient,  and  involves  less  danger  of  ga]>ing  of  tlie  wounti, 
to  allow  the  liil  speculum  and  Kxation  forceps  to  remain  in  posi- 
tion till  tlie  escape  of  the  lens,  it  is  best  to  dispense  with  the  use 
of  tlie  lids,  and  to  use  tlie  Daviel  spoon,  just  as  many  operator 
Ho  in  the  flap  operation,  making  with  it  the  necessary  pressure  on 
the  suriiiuc  of  the  cornea. 

Von  Graefe  recoramend&I  for  this  pur|>osc  a  spoon-shaped  in- 
strument of  hard  ruithcr.  A  properly  bent  Daviel  sp4X)n  serves  the 
purpose  very  well.  The  (Xiuvexity  of  the  spoon  is  laid  upon  the 
lower  margin  of  the  cornea,  and  while  a  coiistaut  pressure  is  exer- 
cised, a  slight  upward  movement  is  made,  causing  the  upper  edge 
of  the  lens  to  appear  in  the  woun<I,  which  opens  spontaneously. 
Pressure  is  then  made  with  the  s{>ooii,  almost  in  the  direction  of 
the  centre  of  the  eye,  in  order  to  rotate  the  lens  about  its  traa&- 
verse  axis  and  to  force  it  bodily  into  the  wound.  When  this  is 
aooomplisliwl,  the  pressure  is  to  be  gradually  directed  upward,  the 
spoon  thus  forcing  the  lend  before  it,  out  of  the  wound. 
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Prolai)fleof  the  vitreous  is  the  prinripal  aocident  likely  to  happen 
(luring  the  ojwnition.  It  may  l»e«uisf<l  ijy  tlie  incision  Iwing  ma<le 
too  far  in  the  peripherk',  or  hy  Inxation  of  the  lens  either  before  or 
during  the  opening  of  the  eapsule,  or  by  too  strong  a  pressure  with 
the  spCKMijCsiMx-taliy  when  tlie  inrision  liasUnnn  made  too  small  or 
too  far  in  tlie  periphery.  Finally,  it  may  betausod  before  the  escape 
of  the  lens  by  too  strong  a  pressure  on  tlic  part  of  the  patient,  or 
by  a  pre-existing  looseness  or  |>artial  atrophy  of  the  zonula,  which 
is  especially  to  be  feared  in  over-ripe,  shrunken  cataracts. 

If  prolapse  of  the  vitreous  occur  after  the  nucleus  and  the 
greater  iwirt  of  the  cortical  bubstaiice  have  L-scaped,  tlie  si>eculura 
and  fixation  forceps  shouli!  \)c  reniovc<l,  and  the  attempt  made  by 
manipulating  the  lids  to  exjwl  the  remaining  fnigmeuLs  of  the 
oortical  substance.  A  repeated  introduction  of  the  spoon  is  not 
advisable,  and  generally  does  nt>t  aocomplisli  its  object,  for,  the 
hollow  of  the  spoon  l>eing  filled  with  the  viseid  vitreous  substance, 
no  sufficient  hold  can  be  obtained  u|X)n  the  cortical  fragments.  If 
prolapse  of  the  vitreous  occur  before  the  escape  of  the  lens,  it  may 
nevertheless  often  t>e  ex|M?:lleiI  without  the  introduction  of  an  in- 
strument. If  this  Im*  found  im|)ossible,  arid  if  the  nucleus  Ix:  small 
and  the  cortic:ilis  soft,  it  is  best  to  open  the  cjijisule  and  extract 
tlie  uucleus  with  a  broad  but  very  thin  spoon.  Still,  against  the 
extraction  with  the  spoon  there  is  the  objection  that  the  uucleus 
lying  in  the  s|x>ou  is  always  presseil  forwuni  ugaiust  the  uveal 
layer  of  the  iris.  In  the  case  of  large  hard  catara(;ts,  therefore,  I 
prefer,  by  means  of  a  small,  sharp  hook  inserted  into  its  jH^stcrior 
surface,  to  draw  out  the  nucleus,  or  even  the  entire  lens^  without 
previously  opening  the  ca|>snle. 

II<?morrhagc  into  the  aiitorior  chamber  during  the  course  of  the 
operation  is,  to  a  certain  extent,  embarrassing.  This  occurs  most 
frequently  in  eyes  in  which,  on  account  of  the  rigidity  of  the  sclera, 
tlie  cornea  collapses  under  the  atini^plicric  pressurcj  immnliately 
after  the  escape  of  the  aqueous  humor;  the  blood  from  the  con- 
junctival wound  may  then  U;  said  to  he  force*]  "ex  vacuo''  into 
the  anterior  chamlwr.  If  the  tension  of  the  nmscles  bu  relieved 
by  deep  chloroform  narcosis,  considerable  difficidty  is,  under  these 
circumstances,  often  experienced  in  expelling  the  bloml  from  the 
anterior  chamber.  The  oi>eratiou  is  thus  made  more  difficult,  but 
its  results  are  not  interfered  with. 
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In  the  course  of  healing,  uU  those  Dnfuvorahle  conditions  may 

(KYiir  which  have  been  mentioned  as  occurring  in  the  flap  opera- 
tion, but  statistics  at)Ui]<lantly  prove  tliat  they  arc  much  ]esa  likely 
to.  Prolapse  of  the  iris  may  be  avoided  by  tlie  projjer  perform- 
ance of  the  operation;  it  may,  however,  happen  if  the  iris  be  not 
excised  up  to  the  angles  of  the  wonnd,  or  if  it  remain  c^uglit  in 
them.  Complete  necrosis  of  the  cornea  and  partial  suppnraiioa 
of  the  wound  are  both  of  them  less  frequent  with  this  operation 
than  with  the  flap  incision.  A  mild  iritis,  during  which  a  few 
small  [Hxsterior  synechiae  form,  but  involving  no  further  optical 
disadvantages,  is  very  frequent.  Severe  forme  of  ponileut  iritis 
or  irido-choroiditis,  iu  the  normal  course  of  recovery  from  the 
ojieration,  are  rare. 

Un<ler  ordinary  circumstances  the  after-treatment  is  very  simple. 
After  remo\Til  of  the  coagulatetl  blood  from  the  conjunctival  sac 
a  bandage  is  aj>plieil,  wliich,  if  necessary,  may  l>e  renewetl  twice 
daily.  Atropine  should  be  used  from  the  first,  in  view  of  the 
tendency  to  iritis.  For  some  days  the  patient  should  lie  quiei, 
though  after  the  third  day  he  may  be  allowed  to  sit  upright  in 
tlie  bed  for  a  short  time  at  flrst,  increasing  the  time  gradually 
from  day  to  day.  Generally  he  can  leave  the  betl  at  the  end  (li 
the  first  week.  The  |>eriod  elapsing  before  complete  recovery 
averages  from  two  to  three  weeks. 

The  operation  may  be  performe<l  either  with  or  without  oldoro- 
form.  If  the  first  methoil  Ije  ch*»»en,  the  narcosis  must  be  profound 
before  the  operation  is  begun.  But,  even  tliough  it  l»e  carriei! 
so  far  tiiat  the  orbicularis  is  fully  relaxed,  and  the  speculum  and 
fixation  forceps  are  applied  witliout  causing  the  slightest  spasm 
of  the  lids,  it  is  by  no  means  certain  that  the  u|jeration  can  l)e 
carried  on  uninterruptedly  to  the  end.  There  are  patients  who, 
during  the  operation,  do  not  awake  from  the  narcosis,  but,  while 
wholly  unconscious,  fall  into  a  sort  of  combined  asphyxia  and 
delirinm,  which  interrupts  the  o[H:nition  very  annoyingly. 

If  a  subcutaneous  injection  of  morphine  be  given  about  a  quarter 
of  an  hour  before  the  operation,  a  quiet  narwiais  ig  more  likely,  but 
not  absolutely  certain,  t^>  be  had. 

Vomiting  may  very  seriously  disturb  the  course  of  the  o|>em- 
tinn,  even  though  for  a  day  previous  the  patient  has  eaten  but 
very  little,  and  for  several  hours  nothing  at  all.     Anotlicr  di*- 
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advant^e  attending  narcosis  is,  that  in  many  cases^  for  the  success 
0*'  the  ojwration,  the  complete  relaxation  of  the  ocular  miLscIes  is 
unHtsi  ruble. 

With  a  patient  ^vho  pofiBes."aes  the  necessary  nerve,  it  is  p]ea:^anter 

0|»emte  without  flihiroforin,  and  althoutjh  tlic  behavior  of  the 
Btient  cannot  with  certiiinty  he  furetold,  the  same  uncertainty 
exists  with  reference  to  his  behavior  during  narcosis. 

If  tliere  he  cataract  in  both  eyes,  l)otb  may  lie  operated  on  at 
the  same  time.  It  is  advisable,  however,  to  allow  an  interval 
between  the  two  of  about  four  days.  If  the  course  of  healing 
up  to  that  time  l>e  normal,  an  unfavorable  change  is  hardly  to  be 
feared. 

If  there  be  cataract  in  but  one  eye,  the  decision  of  the  much- 
mooted  question,  whether  an  operation  is  desirable  or  not,  may 
be  left  to  the  patient,  W  the  a^cfulness  of  the  second  eye  be 
already  somewhat  impaired  by  incipient  cataract,  the  operation 
apOD  the  eye  first  atfected  is  alwa)'s  advisable.  89,  too,  when 
the  eye  not  affected  by  cataract  is  very  near-sighted.  He  can 
use  tiiis  eye  for  near  vision,  reading,  etc.,  and  by  the  oijeration 
on  the  other  eye  he  obtains  distinct  di^tmtt  vision. 

Finally^  mention  must  l>e  made  of  a  mollification  of  the  ntfthrMl 
of  extraction, — that  is,,  extraction  of  the  len.s  with  the  aipsule. 
Where  there  is  pre-€xisting  relaxation  of  the  ainula,  this  practice 
can  often  Ite  adopted  without  any  difficulty ;  if,  liowever,  the 
zonula  retain  its  normal  strength,  this  method  must  be  regarded 
as  too  severe,  for  it  cannot  be  carried  out  without  introducing 
into  the  eye  some  powerfully  acting  tractive  instrument.  On 
the  whole,  the  general  results  of  the  o|ieration  have  not  l>een 
encouraging. 

Peripheral  linear  extraction  cannot  be  (performed  without  an 
iridectomy,  for,  owing  to  the  peripheral  position  of  the  incision, 
the  iris,  if  it  were  not  excised,  would  pi*olap!4e  without  there  being 
any  possibility,  during  the  iK>urse  of  healing,  of  replacing  and 
retaining  it  in  its  normal  i>oe>itton. 

In  order  to  avoid  the  excision  of  the  iris  without  resorting  to 
the  flap  incision,  Weber's*  method  may  be  employed.  In  this 
operation  the  incision  is  made  with  a  curved  lance,  10  to  12  mm. 


DISClJlON. 


broad,  whose  concave  under  surface  is  curved  on  a  raditL';  of  10.7 
mm.  Tlie  lance  is  intrwhu'Cii  exactly  in  the  plane  of  the  base  of 
the  cornea,  and  is  carrieil  forward  till  it  almost  touclies  the  point 
in  the  corneal  margin  diametrically  opposite  the  place  of  pun(^ 
ture.  This  gives  an  inc-tslou  of  sufficient  size.  The  cHpsuU'  is 
then  freely  opene<l,  and  the  expulsion  of  the  lens  accomplisheil 
by  slight  continuous  pressure  made  on  the  one  side  opposite  the 
wound,  by  the  fixation  forcejw  aj>plle<l  there,  and  on  the  other 
et<le  by  a  hollow  spatula,  9  or  lU  mtu.  bi*oad,  whose  margin  is 
laid  along  the  peripheral  lip  of  the  wound.  Of  course  this 
method  may  also  be  combined  with  iridectomy,  in  which  case  it 
is  merely  a  matter  of  choice  whether  this  mettiod  or  the  jwriph- 
eral  linear  incision  be  employed.  For  senile  cataract  I  decidedly 
prefer  the  latter  nietluHl,  but  for  the  soft  cataracts  of  young  indi- 
viduals I  prefer  Weber's  metlio<i,  without  iridectomy. 

To  ojwrate  successfully  on  cataract  by  discision,  the  patient 
must  be  young,  and  his  pupil  freely  dilatable  by  atropine.  The 
cornea  is  punctured  with  the  discision  needle  at  a  point  op|>oflit« 
the  margin  of  the  dilated  pupil,  and  a  small  crucial  incision  is 
made  in  the  middle  of  the  capsule.  The  lens  imbibes  the  aqtuwus 
humor;  its  cortical  [^rt  l)ecomes  clouded  and  swollen;  flakes  from 
it  protrude  from  the  wound  in  the  capsule  and  become  slowlv  ab- 
sorbed. Gradually  the  swelling  extends  to  the  [Kjsterior  cortical  is, 
which  presses  forward  the  nucleus,  so  that  finally  it  may  fall  out 
of  tlie  ca|»Rule  into  the  anterior  chamber.  If  the  absorption  of 
the  lens  cease,  as  it  may,  owing  to  closure  of  the  wound  in  the 
capsule,  the  discision  should  Int  repeated,  the  oiK;ning  Ix-ing  m.idc 
more  extensive,  till  a  perfectly  clear  central  pupil  is  obtainwi. 

The  time  necessary  for  this,  during  the  first  year  of  life,  js  from 
one  to  two  months^  in  older  persons,  from  six  to  eight  months. 
During  all  this  time  the  pupil  must  1)0  ke)>t  widely  distendeil  by 
atropine;  for  the  danger  attending  discision  does  not  lie  in  the 
Blight  wound,  but  iu  the  hurtful  effect  which  the  swelling  lens 
may  exercise  upon  the  iris.  The  iritis,  excited  by  the  fnigmcnts 
of  the  corticalis*  or  by  the  lens  falling  forward  into  the  anterior 
chamlwr,  may  assume  a  purulent  character,  and  the  eye  be  de- 
stroyed by  (muophthalmitis;  or  a  membranous  growth  may  de- 
velop from  the  uveal  layer  of  the  iris,  proving  finally  a  complete 
optical  barrier  to  vision,  or  leading  to  atrophy  of  the  eye  from 
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irulo-cyclitis;  or  a  glaucomatous  increase  of  intrmxiular  pressure 
may  develop,  which  itK-roases  attadily,  with  (."orresjionding  contrac- 
tion of  the  visual  tielt],  and  excavation  of  the  optic  nerve,  ending 
in  complete  blindness. 

This  last-named  complication  is  particularly  to  be  feared  in 
etfle^  where  the  swelling  lens,  pressing  against  the  posterior  surface 
of  the  iris,  forces  it  forward.  If  symptoms  of  iritis  appear  which 
do  uot  yield  to  atropine  mydriasis*,  or  if  a  severe  influinniatlon 
develop,  or  if,  without  any  external  signs  of  inflammation,  vision 
become  defective  in  the  peripherj'  of  the  visual  field,  while  the 
tension  of  the  eyeball  increases,  the  puncture  of  the  anterior 
chamlier  should  not  be  th^layed.  If,  however,  the  tension  \yer- 
fltst,  or  if  after  a  short  time  it  return,  the  removal  of  the  swollen 
lens-«ub«tance,  either  with  or  withijut  iridectomy,  is  indicated. 
Iridectomy,  however,  is  generally  unavoidable. 

The  irritability  of  the  iris  in  the  presence  of  tlie  swollen  lens- 
substance  is  very  varied,  and  de])cnds  mostly  mxtn  the  age  of  the 
patient.  Children  bear  the  swelling  even  of  the  entin*  lens  very 
well,  but  the  t).»leration  on  the  p!\rt  of  the  iris  decreases  with 
increasing  years.  Moreover,  the  irritability  of  the  iris  in  patients 
of  the  same  age  varies.  The  more  esisily  atropine  mydriasis  can 
be  produced  and  maintained,  the  belter  does  the  iris  resist  the 
irritation  excited  by  the  swelling  of  the  lens. 

Von  Gracfe*  therefore  advisetj  in  all  cases  in  which  discision  is 
to  l»e  performed  an  a  patient  above  tjie  age  of  say  15  years,  or  in 
cases  in  which  the  pupil  does  not  dilate  readily  under  atropine,  to 
do  an  iri<ie(^omy  some  three  weeks  heforc  the  discision.  In  fact, 
ir\  such  cases  as  these,  choice  will  have  to  be  made  l)ctween  this 
procedure  and  the  extraction  by  the  jwripheral  linear  incision. 

The  general  rules  and  conditions  under  which  discision  is  to  be 
practised  are,  accordingly,  as  follows  : 

1.  Total  ofiacity  of  the  lens  in  childhood.  If  the  aubstanoe 
of  the  lens  have  at  the  same  time  become  liquefied.  Von  Graefe 
recommends  the  use  of  a  rather  brond  iuskIIc  in  urder  to  allow 
the  escape  of  the  cataract  fluid  t-ogctfjor  with  tlie  aqueous  humor. 

2,  Discision  is  the  principal  methwl  for  those  partial  opacities 
of  the  lens  in  childhood  which  require  operation. 


•  Aroh.  r.  Ophtfa.,  B.  V.  1,  pag.  178. 
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3.  The  operation  must  be  resorted  to  with  great  caution  at  i 
period  later  than  the  fifteentli  year.  Later  than  the  tweaty-fiftb 
to  the  thirtieth  year  the  indioationu  for  the  operation  arc  limited 
to  eases  in  which  the  size  of  the  ratnract  is  already  dirninishecl  by 
shriukage.  Seoi>Ddar\'  cataract  furnishes  the  principal  indication 
for  tlie  jierforraance  of  discision  fit  an  advanced  age. 

Traumatic  Cataract.  —  The  immediate  consequence  of 
wounds  by  which  the  osipsule  of  the  lens  is  opened,  is  an  ab- 
sorption by  the  lens-snbstniicp  of  the  aqueous  humor,  to  whow 
influence  it'is  exposed.  The  leiiB  swells,  becomes  white,  protrudes 
from  the  wound  in  the  capsule,  and,  according  to  the  size  of  this 
wound,  tills  more  or  less  ci>mpleteiy  the  anterior  chamber.  Dur- 
ing tills  ]>rocess  the  entire  lens,  or  the  jrreater  part  of  it,  may  Im 
absorbed.  If  the  wound  in  the  «»psule  be  very  small,  the  opacity 
may  extend  unly  about  the  immediate  neij^hborhood  of  the  injury 
and  then  remain  stationary ;  especially  is  this  likely  to  happen  in 
old  persons  in  whom  the  lens  has  become  hanl. 

The  dangers  attending  traumatic  cataract  depend  upon  a  series 
of  various  circumstances.  Much  depends  upon  the  time  of  life 
and  the  irritjdjility  of  the  iris,  as  already  stated,  in  connection 
\%itli  the  operation  of  disoision,  which  indeed  is  nothing  more  than 
a  trjiumatic  cataract  methodically  produced. 
.  Traumatic  cataract  is  frequently  only  a  i>art  of  a  complicated 
injury.  In  many  trascs  the  cornea,  sclera,  iris,  or  ciliary  body  ts 
also  wounded.  These  complications  may  cause  Immediate  loss  of 
vision  l>y  intraocular  hemorrhage,  detachment  of  the  retina,  or  a 
destructive  irido-cyclitis  or  choroiditis. 

In  recent  and  slightly  complicated  cases^  atropine  is  to  ho  used 
to  cause  and  maintain  a  complete  dilatation  of  the  pupil  in  order 
to  withdraw  the  iris  from  irritating  contiict  with  the  swollen  lens- 
substance.  If  this  complete  mydriasis  can  Iw  maintained,  no  other 
treatment  is  necessary  in  the  majority  of  cases,  especially  in  chil- 
dren. If,  however,  tlie  mydriasis  l>e  only  partial,  if  iritis  have 
already  appeared,  and  do  not  yield  to  atropine,  or  if  symptoms 
of  glaucoma  appear,  then,  according  to  the  circumstances  of  the 
ca«*e,  the  indication  exist**  for  either  puncture  of  the  cornea,  iridec- 
tomy, the  linear  extraction  of  the  swollen  lens  either  with  or 
without  iridectomy,  or  the  peripheral  linear  extraction. 

The  worst  cases  of  traumatic  cataract  are  thoee  which  are  caused 
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bv  a  foroigD  body,  such  as  a  piec«  ot*  percuss  i  on -cap,  or  a  splinter 
of  glass  or  stone.  It  is  only  exceptionally  that  the  foreign  l)ody 
remains  iiubecUIeil  in  the  lens.  When  a  fragment  of  iron  hulges 
in  the  lens,  its  oxidation  generally  impart.*  a  peculiar  rust  color 
to  tlie  surroinuling  lens-«iihstjini^^.  The  arrest  of  the  foreign 
body  in  the  lens  is  always  a  fdrttniate  fircuniHtanee,  ff>r  in  that 
case,  as  a  rule,  the  sad  consequences  attending  the  Irxlgraent  of 
a  foreign  body  in  the  decfter  pnrt**  of  the  eye  are  avoided.  The 
operation  for  cataract  extraction  indicatefl  under  tiiese  ciroum- 
stanoes  must  be  bo  performed  that  the  foreign  body  is  removed 
«ith  the  lens. 

If  a  foreign  body  penetrate  deeply  into  the  eye,  it  is  very 
sel<]om  that  a  useful  degree  of  vision  is  retained.  As  a  rule, 
blindness  follows  from  detachment  (»f  the  i-etina,  chronic  relapsing 
irido-choroiditis,  or  irido-cyclitis.  Fre^jnently^  too,  there  is  danger 
of  sympathetic  aflfection  of  the  se<*ond  eye.  If,  under  these  cir- 
cumstances, the  injure<l  eye  Ix!  blind,  and  show  symptoms  of  irldo- 
c\'clitis,  it^  enucleation  is  the  best  practice  by  which  to  in&nrc  the 
safety  of  the  other  eye. 

By  capsular  cataract  is  understood  an  opacity  of  that  portion  of 
the  lens  immediately  I)encath  the  capsule.  Ofweities  upon  the 
external  surface  of  the  capsule,  as,  for  instance,  those  left  by  iritis. 
are  therefore  not  designate*!  as  riapsnltir  cataracts. 

The  conditions  for  the  development  of  capsular  cataract  always 
exist  when  disorganizcil  and  softened  lens-substance  is  separated 
firora  the  aqueous  humor  simply  by  tlie  nnterior  capsule.  The 
fluid  com|>ouents  of  the  external  cortical  layers  filter  through  the 
caf)sulc,  leaving  behind  on  its  inner  surface  a  precipitate  consist- 
ing of  the  detritus  of  disorganized  lens-substance. 

This  interchange  between  the  aqueous  humor  and  the  lens- 
substance  is  uaturully  most  active  in  the  pupillary  region,  and  just 
this  place  is  therefore  most  predisposed  t-n  the  formation  of  cap- 
sular cataract.  In  simple  senile,  over-ripe  cataract,  the  capsular 
cataract  does  not  generally  extend  far  beyf>nd  the  lK>uiidaries  of 
the  pupillary  region.  It  is  characterized  by  its  chalk-white  wlor, 
its  frequently  somewhat  uneven  surface,  its  irregularly  serrated 
Ijoundarj',  and  its  position  in  the  pupillary  region  immediately 
upon  the  inner  fiurfai-e  of  the  anterir>r  capsule. 

Upon  microscopic  examination,  the  capsular  cataract  appears  to 
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be  un  amorphous,  striated^  or  punctated  mass,  thickest  at  itsocntrv, 
thinning  towanl  iti^  periphery,  from  wliich  run  out  irrej^ular  pro- 
jections ;  the  tiiinner  tlit  layers  of  tliis  suhstant-e  the  nif>rf  irjin*- 
parent  arc  they,  and  tho  above  named  irregular  thin  project  ions 
which  run  out  to  |>oiiits,  or  interlace  among  one  another,  appear, 
then»fore,  i'rc^juently  almost  hyaline.  Isolated,  punctate<I  depo^il3 
are  fre<iueutly  found  ou  the  inuer  surface  of  tlie  ca[i6ule,  beyoiul 
the  limits  of  the  principal  ojv,inty. 

At  the  purt  where  this  precipitate  adheres  to  the  surface  of  the 
capsule,  the  intra-capsular  cells  generally  break  down,  and  tbe 
surmtinding  cells,  even  in  unooniplimtcd  cataract,  frcciuently  show 
slight  signs  of  irritation.  The  capsule  itself  always  remains  trau^ 
parent ;  at  the  place  of  the  deposit  it  is  frequently  somewhat 
thinmnl,  and  is  always  more  or  less  wrinklwl.  This  wrinkling 
of  the  ai])HuIe  is  exactly  wliat  would  be  expected  from  the  nature 
of  the  process  above  described.  If  the  cortical  substance  lose 
its  fluitl  constituents  by  filtration  thmngh  the  capsule,  of  course 
there  will  be  a  loss  uf  volume,  which  will  be  expressed  by  a 
wrinkling  of  the  caf>sule. 

Where  capsular  cat4iract  exists,  the  operation  for  cataract  must 
be  somewhat  racxlifiwl.  The  c:ipsiilc  tmist  lie  opened  at  one  side 
of  tlie  capsular  cataract,  which,  if  possible,  must  be  extracte<l  with 
the  forceps  or  hook  in  order  to  avoid  leaving  a  thick  secondary 
cataract. 

With  cataract  complicated  by  irido-choroiditis,  capsular  cataract 
is  not  only  very  frequent,  but  generally  covers  a  considerable  sur- 
face, and  attains  an  unusual  thickness. 

The  participation  of  the  intra-capsular  cells  in  the  development 
of  capsular  cataract  is  another  very  im]>ortaDt  factor  in  the  process 
above  deacril)ed.  They  may  take  on  an  active  proliferation,  lose 
their  hexagonal  or  roundish  form,  become  flat,  elongated,  spindle- 
shaped,  or  stellate,  and  detach  themselves  from  their  normal  sup- 
|>ort  upon  the  inner  surface  of  the  anterior  ca{k«ule.  This  condition 
may  indeed  extend  to  the  posterior  capsule,  |ienetrating  in  broad 
curved  lines  the  disorganizefl  substance  precipitated  on  the  sur- 
face of  the  capsule.  As  this  process  goes  on,  these  proliferated 
ctills  appear  to  undergr>  gradual  atro])hy,  though  meanwhile  the 
proliferation  is  tiikiiig  phwv  in  the  more  jwrlphcral  parts.  This 
proliferation  of  the  intra-capsular  cells,  since  it  occurs  only  in 
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oonuection  with  irido-choroiditis,  may  well  be  n^nlwl  as  uii 
inflammatory  process. 

Finally,  r'ujKular  cataract  is  a  frequent  occurrence  lu  alt  those 
forms  of  cataract  which  develop  from  the  very  first  in  the  most 
superficial  layers  of  the  lens, — for  instanot*,  in  cataraota  centralis 
anterior,  cutaructa  tmumatica,  luid  certain  irregular  forma  of  in- 
cipient cataract. 

There  is  nn  caiaract  operation,  except  the  extraction  with  the 
capsule,  in  which  the  entire  ions  U  removed  from  the  eye.  The 
cap!=nle»  the  intra-t-apsular  cells,  and  generally  also  some  of  the 
lene-4;u1}8tance  remain  in  the  eye.  These  constitute  the  starting- 
point  for  a  raemhranou.s  formation  whicli  is  ilesignated  as  second- 
ary  catiiract.  The  lacerated  capsule  rolls  together,  but  does  not, 
however,  withdraw  entirely  from  the  pupillary  region.  Moreover, 
itumediately  after  the  0|>eration,  a  proliferation  of  the  intra-eap- 
sular  cells  begins;  they  spread  out  Ix'hind  the  iris,  forming,  in 
some  cases,  a  new  hyaline  membrane.  It  is  ofVcn  several  months 
before  these  delicate,  membranous,  se<'<mdury  cataracts  attain  such 
a  thickness  as  to  cause  fliscurbance  of  vision. 

li*  a  large  rjuantlty  of  the  cortical  8ul>stance  remain  after  the 
operation,  or  if  the  course  of  healing  bo  disturbwl  by  iritis,  the 
growth  of  the  intra-capsular  cells  increases,  and  the  secondary  cata- 
ract, under  these  circumstances,  attains  a  considerable  thickness. 

In  its  thinnest  form  the  set'ondar)'  cataract  apiK-.xrs,  ujKm  focal 
illumination,  like  a  delicate  spider-web  membrane,  stretchetl  behind 
the  iris.  Focal  illumination  often  reveats  ui>un  it  bright  opaque 
liins  or  spots,  caused  by  remaining  lens-sul)8tance,  by  the  prwlucts 
of  iritis,  or  by  folds  in  the  uipsule. 

The  disturlxince  <if  vision  caused  by  secondar}'  cataract  may  be 
best  determined  by  observing  first  the  degree  of  opacity  by  ex- 
amination with  focal  illumination  aiul  the  plane  mirror,  and  then 
testing  vision  with  correcting  glasses  and  the  stenopaie  apparatus, 
oombined,  perhajw,  with  atn»pine  mydriasis.  The  improvement 
of  vision  eauswl  by  the  stenopaic  appanitns  is  in  many  cases  so 
great  that  it  is  sufficient  W  provide  catnnict  si>cctacles,  especially 
such  as  are  intended  for  near  visi<ni,  with  such  a  steno[ttic  ar- 
rangement. If  such  a  cijrreetion  do  not  prove  sufficient,  «n 
operation  is  to  lie  resorted  to. 

It  would  seem  most  rational  at  first  sight  to  extract  the  second- 
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avy  cataract ;  for  which  purpose  only  a  very  slight  linear  wound  at 
the  niurgiii  of  the  cornea  is  sufficient.  In  tliis  way  a  iwrfwily 
clear  papillary  region  is  obtained.  But  this  slight  operation  h 
more  dangerous  than  it  a]^i>ear«,  and  may  cause  purulent  c4ior»ml- 
itis.  Ferhiips  this  is  l»ccause  the  traction  made  upon  the  catanc* 
is  easily  tmnsferrrd  to  the  ciliary  hotly,  either  through  the  zonula 
or  by  the  direct  adherence  of  the  cataract.  Discision  is  a  more 
certain  method  ;  but  even  in  thtrf,  the  thicker  portions  of  the  mem- 
hnine  sliould  not  be  invaded  unless  new^^sity  com|>el  it.  Fur 
instance,  if  the  natural  pupillary  region  be  occupietl  by  a  thick 
mass,  while  by  the  use  of  atrnpine  a  thinner  jwrtion  of  the  se(S 
ondary  (ataract  can  be  iiuc<jvered,  it  is  best  to  cnlai^e  the  pupil 
by  iridectomy  or  iridotomy  so  as  to  include  this  space,  and  there 
perform  discision. 

FrKpicntly  these  thin  meniUnines  are  so  elastic  and  distensibJe 
that  It  is  Indeed  easy  to  penetrate  them  with  tlie  discision  needle, 
but  impossible  to  tear  or  cut  them.  For  such  cases,  as  also  for 
very  thick  secondary  cataracts,  Bowman's  operation  with  two 
needles  ts  appropriate.  Tlic  needles  are  to  be  inserted  at  two 
points  in  the  periphery  of  the  coruoa  diametrically  opjjositc  each 
other,  and  so  dircctwi  that  their  iroints  meet  in  the  cataract.  If 
now  the  handles  of  the  needles  l>e  moved  tfiward  each  other  lJ»oir 
points  will  1)6  separated,  and  by  their  op|>osite  action  the  cataract 
can  Ix!  freely  torn  without  violence  to  the  zonula. 

Rcclination  may  l«'  appropriate  for  many  cases  of  secondary 
cataract. 

LUXATION  OF  THE  LE>*S. 
A  dislocation  of  the  lens  from  its  natural  position  necessarily 
involves  a  series  of  changes  which  furnish  the  data  for  a  certain 
diagnosis.  In  the  first  place,  the  leiia  itself  sliows  an  abnormal 
movement;  its  oscillations  during  movements  of  the  eyeball  arc 
distiitctly  visible,  and  this  symptom  alone  suHiucs  to  show  that 
its  nonnal  attuctiments  have  l>ecorae  loosened,  even  though  the 
displacement  be  but  very  slight.  That  part  of  the  Iris  from 
which  the  lens  is  removed  loses  its  support,  and  a  trcmulousness 
can  be  seen  in  it  with  every  movement  of  the  eye.  Often,  too,  it 
lies  deeper  in  the  luiterior  chamber,  at  this  part,  while  on  the 
opposite  side  it  is  pressed  forward  by  the  revolution  of  the  lens  on 
its  transverse  axis.     If  the  dislocation  of  the  lens  be  so  great  that 
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it8  margin  appears  opposite  the  pupil,  either  iu  its  iionnal  con- 
dition or  when  dilutetl  with  atropine,  the  pasition  of  the  equator 
of  the  leiiH  can  be  deteriniiiei.1  witli  the  greatest  exaotituile.  Ui>on 
opIith:ilnioscopic  illumiuation  it  appears  as  a  dark  zone,  and  upon 
ftxal  iHuniination  as  a  bright  orve. 

Lnxation  of  tlie  lens  occurs  congeuitally,  and  not  infrequently 
is  inherited.  In  Kueh  cases  the  lens  ih  generally  traiii^[iarent,  but 
abnuriually  »niall,  and  often  so  movable  that  when  the  heiut  is 
thrown  forward  it  drops  throuj^h  thu  pupil  luto  thu  anterior 
cbaml:)er,  and  upon  bending  the  head  backward  it  slips  behind 
thu  iris  again.  There  ia  genenilly  alao  in  tliese  cases  a  otTlain 
degree  of  congeniuil  amblyopiaj  .so  that  perfect  vision  cannot  be 
obtained  by  correcting  with  lenses  the  aphakia  existing  in  part  of 
the  pupil. 

Traumatic  luxation  of  the  leus  may  be  caused  by  a  cuiitunioii 
of  the  eye  or  by  a  violent  jar  of  the  entire  body,  and  may  cxx-ur 
either  with  or  withtmt  any  other  injuricij. 

It  is  not  improbable  that  in  many  cades  there  m  a  |)redispositiou 
to  traumatic  luxation  of  the  lens,  owing  to  an  abuormal  weakness 
of  its  attachments,  for  occasionally,  acquired  luxation  of  the  lens 
occurs  without  any  apparent  cause.  This  individual  prLnlispositiou. 
may  explain  the  fact  that  luxation  of  the  lens  fmiii  non-truumatic  as 
well  as  traumatic  causes  frefiueutly  occurs  in  both  eyes.  If  a  part 
of  the  pupil  be  iK-cupiwI  by  a  luxated  but  transparent  lens,  while 
tliere  is  aphakia  iu  the  remaining  part,  there  may  still  be  monocu- 
lar diplopia,  in  spite  of  the  great  difference  of  refraction  in  the 
two  jmrts  of  the  pupil,  and  this  generally  disappears  when  the 
:  aphakia  is  corrected  by  convex  lenses.  The  rays  refracted  in  the 
I  luxated  lens  then  form  upon  the  retina  large  circles  of  diffusionf 
which  cannot  concur  with  the  distinct  retinal  image  cast  through 
the  free  (wrtion  of  the  pupil. 

If  a  (Kjrtiou  of  the  et|uator  of  the  leus  fill  the  pupil  completely 
when  coutructeil,  there  is  generally  cou&iderabie  disturbance  of 
vision  from  the  regular  and  irregular  astigmatism,  due  to  the 
incline*)  position  of  the  lens  and  the  irregular  refraction  of  light 
through  its  margin.  Vision  is,  of  cx>ur8e,  still  poorer  when  the 
luxate<l  leus  i,-?  at  the  same  time  clouded.  If,  under  these  ciroum- 
Btances,  aphakia  can  be  protluced  in  a  portion  of  the  pupil  by 
airo]>ine  mydria.%is,  it  is  generally  possible  to  obtain  a  considerable 
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improvement  of  vision  bv  the  porrwting  convex  glasses,  nnd  for 
such  case^  the  coutinued  u^e  of  atropine  is  advisable. 

Iri<lecti»my  or  iridotf^ray  is  newssary  in  these  cases,  when,  from 
adhesions  due  to  iritis,  or  from  any  other  cause,  mydriasis  cannot 
l>e  produceit  or  maintained. 

The  luxated  lens  may  remain  a  long  time  transparent,  or  may 
grow  gradually  opaque. 

The  influence  of  the  luxation  npoti  the  other  pari^  of  the  eye 
varies.  In  one  Hass  of  cases  no  further  accidental  follow,  while 
in  othei"s  a  j;;laijc'omatous  process  comes  on  which  ends  in  blind- 
ness unless  checked  by  iridectomy  or  the  extraction  of  the  luxatwl 
lens  in  its  oi|>8ule. 

The  luxated  lens  may  drop  forward  into  the  anterior  ehflnilxr 
and  become  adherent  to  the  cornea.  Iritis  or  irido-cboroidilis 
generally  then  develops  either  with  or  without  glaucomatons 
symptoms.  Under  these  circumstances  it  is  sometimes  possible 
to  extract  the  adherent  luns  by  the  linear  incision. 

Cases  in  which  luxation  of  a  ealcitied  lens  occurs  as  a  conse- 
quence of  irido-ohoroiditis  liave  been  already  referred  to  on  pages 
Z'-iS  and  369. 

It  sometimes  happens  wtth  severe  contusions  of  the  eyes  thai 
the  sclera  is  torn  tlirough  at  a  point  anterior  to  the  insertion  of  the 
recti  muscles,  generally  upward,  and  the  lens,  escaping  through  the 
oponing,  comes  to  lie  lieneatli  the  conjunctiva.  In  such  cases  it  jg 
ver>-  seldom  that  the  iininjiircd  raipsule  still  envelops  the  lens  as 
it  lies  beneath  tlie  conjunctiva,  but  when  such  is  the  case  the  lens 
may  rcruiiin  for  a  long  time  transparent.  As  a  rule,  the  capsule 
is  rujiturod,  and  its  fragments,  wi(h  some  of  the  lens-substance 
adhering  to  them,  remain  behind  in  the  eye,  while  the  lens  beneath 
the  conjunctiva  in  a  short  time  Iiecomes  opaque.  In  either  case  a 
simple  incision  of  the  conjunctiva  is  sufficient  for  the  removal  of 
the  lens.  In  spite  of  the  severity  of  this  injury,  many  of  these 
cases  recover  surprisingly  well. 

Aphakia  Is  that  condition  of  refraction  which  exists  when  the 
lens  is  absent. 

When  the  lens  is  removed,  the  dioptric  structure  of  the  eye  is 
excee<lingly  simple.  In  cjilculating  its  refraction  there  remain  then 
but  three  factors :  1,  the  length  of  its  axis,  2,  a  single  refracting 
surface,  the  cornea,  and  3,  the  index  of  refraction,  of  the  intra- 
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ocular  fluids.  M'ith  an  axis  of  vision  of  normal  lenjjth  there 
is  always  a  liigh  tlegrt'e  of  hyj>ernictr()|>in  in  (ri)nnection  with 
aphakia,  so  that  it  is  necessary  to  use  convex  glasses  of  about  I 
inches  focal  length  for  distance,  and  of  about  2i  inches  for  near 
vitiion.  Of  coui-se,  if  the  :ucis  of  tlie  eye  be  al)normaUy  long 
or  short,  the  convex  glasses  must  be  correspondingly  weaker  or 
6tr4fnger. 

Id  many  cases  cataract  extraction  jjroduces  both  aphakia  and 
asligmatisin.  In  this  aoquiretl  form  of  astigmatism  the  meridian 
of  greatest  curvature  generally  lies  in  the  horizontal  dii-ection, 
exactly  the  op|Xisite  to  the  U:*ual  tsingeiiital  meridional  asymme- 
try.* This  statement  hu-s  been  ronHrmoil  by  the  results  nf  oph- 
thalnmmetric  measurements  made  by  Rciiss  and  Woinow,t  and  as 
tlieir  oliservatioM^,  iti  a  imiubcr  of  cases,  were  made  upon  eyes  both 
before  ami  after  the  operation,  they  proved  conclusively  that  the 
astigmatism  was  caused  directly  by  it.  In  twenty-three  cases 
which  were  measured,  both  before  and  arter  the  oj>erationj  there 
were  ten  in  which  the  radius  of  curvature  in  the  eorncii  had 
become  less  in  the  horizontal  and  greater  in  the  vertical  meridian. 
The  exact  contact  of  the  edges  of  the  wound  is  prevented  by  the 
Dew  connective  tissue  which  forms  between  them,  and  the  cornea 
cotiscqucntly  become**  Huttened  in  the  vertical  meridian  in  wliith 
the  middle  of  the  wound  lies,  while  the  curvature  in  tlie  hori- 
Eontal  meridian  in  increased.  Any  abnormity  in  the  healing, 
sueli,  for  instjuiLN^,  an  incarceration  of  the  iris,  causes  of  course  a 
higher  degree  and  more  irregularity  of  the  astigmatism.  As  the 
Star  c<')n tracts  there  is  a  corres|x^nding  decrease  in  the  astigmatism, 
but  it  never  entirely  disa])j>ears.  Under  these  cipciimstances,  there- 
fore, better  vision  can  be  obtained  by  sphero-cylindrical  than  by 
simple  spherical  lenses. 

Under  physiological  relations  the  (>rocesses  to  be  observeil  in 
the  lens  certainly  play  the  most  important  part  in  the  function  of 
accommodation,  and  the  conclusion  seems  therefore  unavoidable 
that  aphakia  must  1m;  a«wm|»anied  by  u  total  loss  of  the  |K)wer  of 
accommodation.  4Still,  assertini»s  are  constantly  being  met  with 
which  assume  a  {lower  of  uceomm<xlation  in  an  eye  where  there 

*  HftSK,  Id  Fogcnstrcher'f  fclinitchen  Beobachtungen,  lil.  pag.  Ufl,  1860. 
t  Ophlbklmoiuetriscbe  Studititi,  IVitin,  1869. 
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is  aphakia.*  Coccius  lays  emphasis  upon  the  fact  that  in  many 
persons  the  eyes  move  forward  during  near  vision  and  recede 
somewhat  for  far  vision,  and  since  he  observe<l  the  same  in  the 
case  where  he  found  aooominodation  to  co-exist  with  aphakia,  he 
regarded  it  as  probable  that  the  eye,  by  being  drawn  backward 
by  the  recti  muscles  and  by  pressure  from  behind,  is  made  more 
far-sighted,  and  that  when  drawn  forward  by  the  obliqui  muscles 
and  the  pressure  from  behind  is  relievetl,  the  axis  is  slightly 
lengthened,  and  the  eye  is  better  adapted  for  near  vision. 

*  Arlt,  KrankheiWn  des  Augos,  B.  ii.  pag.  847;  Cuccius,  Der  Mecba* 
nisinud  der  AcconimodHtton,  pag.  55;  Forster,  AccommodationsTerm^en 
bci  Aphakie,  Elin.  Monatsbl.  fur  Augenhoilk.,  1872,  })ag.  89. 
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"Liquefaction  of  the  vitreous  botly  occurs  under  nornml  re- 
lations as  a  senile  change;  it  occurs  also  frequently  in  myopic 
eyes  with  elongated  Wsnat  axes,  and  also  as  a  oonsequenoe  of 
chronic  choroiditis.  The  pathology  underlying  all  these  cases  is 
probably  a  fatty  degeneration  of  the  ceHs  of  the  vitreous  b«ly. 

If  there  be  at  the  same  time  opacities  of  the  vitreous,  their  great 
mobility  will  give  evidence  of  the  lifiuefaction  ;  but  if  the  vitreous 
remain  clear,  there  may  Iwabsolntelynosymptomsof  the  condition, 
unless,  perhaps,  the  attachment**  of  the  lens  have  become  loosened. 

A  slight  oscillation  of  the  margin  of  the  leus,  occurring  during 
movements  of  the  eye,  often  betrays  this  condition  of  senile  lique- 
faction of  the  vitreous,  and  in  eases  i>f  witariict  is  a  syni|itotii  tn 
be  carefully  looked  for,  as  its  appearance  prognosticates  a  prolapse 
of  the  vitreous  during  the  operation  of  extraction. 

Iwanoff*  has  shown  that  detachment  of  the  vitreous  from  the 
retina  is  a  fnxiuent  occurrence.  In  the  majority  of  cases  it  is 
generally  a  condition  following  injuries,  cliuroiditis,  etc  Still,  it 
has  been  observed  to  occur  in  myopic  eyes. 

Accordingly,  cither  with  the  symptoms  of  an  acute  inflamma- 
tion ur  by  a  process  of  gradual  transudation,  a  iluiJ  may  accu- 
mulate between  tlie  vitreouH  body  and  the  retina,  by  which  the 
vitreous  is  presseil  forward ;  or  a  shrinkage  of  the  vitreous,  caused 
by  disease  of  tliat  jiart  itself,  may  Ixi  the  cause  of  the  detachment. 
In  both  cases  there  is  reason  to  fear  that  the  same  causes  may 
induce  detachment  of  the  retina. 

As  yet  tliere  is  no  certain  method  by  which  to  make  the  oph- 
thalmoscopic diagnosis  of  this  condition. 


Monches  volantes,  or  myodcsopia,  is  the  name  given  to  the  eub- 
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jeotivc  perception  of  the  elements  of  the  vitreous  body.  They 
may  1>e  obsen'ed  iu  any  healthy  eye  by  the  method  of  entoptic 
exauiinatiou,  by  which  their  shadows  are  made  to  fall  upon  the 
retina.  They  ap^Miiir  as  Lsohited  rings,  with  a  briglit  centre  aud 
a  dark  contour,  or  the  objects  may  be  somewhat  darker,  with 
long  branches  or  outrunners,  or  they  may  seem  like  a  string  of 
bright  l>eads,  or  like  a  folded  membrane,  and  so  on.  Under 
circumstances  which  cause  hy|>encn]ia  in  the  hcjid  or  eyes,  as,  for 
instance*  very  often  in  my(i[)ia  (page  44),  these  shadows  upun  the 
retina  often  become  so  distinct  as  to  attract  the  attention  of  the 
patient  and  cause  him  anxiety.  These  fears  may  be  pronounced 
groULulles^,  provided  vision  is  normal  and  the  ophthahuosci^pic 
examination  reveals  no  opacities  in  the  vitreous. 


Opacities  of  the  vitreous  oocur  in  verj'  varied  forms;  often  as 
a  number  of  small,  sharply  defined  bodies,  frequently  having  sev- 
eral Kharp,  radiating  pr>intfl.  They  are  snrronnde*!  on  all  sides  by 
transparent  vitreous  substance,  and,  on  account  of  their  connec- 
tion with  this  surrounding  substance,  are  immovable,  or  nearly  so. 
These  small  fixed  opacities  of  the  vitreous  are  frequently  not  easy 
to  be  Mien,  as  they  are  distinct  only  when  the  accomnjodation  is 
exactly  adjusted  on  them. 

Genemlly  they  are  most  easily  found  by  tlie  examination  iu  the 
inverted  image.  After  olx^rving  tlic  fun<lus,  tb^  convex  glass, 
without  altering  its  centring,  is  to  be  withdrawn  gradually  from 
the  eye,  until  it  casts  the  iuverted  image  of  the  iris  aud  pupillary 
region.  Every  jiortion  of  the  vitreoiLs  lying  upon  the  line  of  vision 
of  the  obsei-ver  oomcs  thus  in  a  pasitiou  to  cast  its  invertetl  image 
at  a  distance  for  which  the  examiner's  eye  can  accommodate. 

These  opacities  are  generally  situated  not  far  frf^m  the  optic 
nerve;  there  are  ott&n  several  of  them  px-esent,  which  may  be 
connected  with  one  another  by  delicate  processes.  They  occur  as 
the  conse(]ueueos  of  choroiditis  or  retinal  disease,  also  in  myopia 
with  staphyloma  [)osticum,  and  finally  uiuler  otherwise  normal 
relations,  but,  in  such  cases,  generally  late  iu  life. 

The  delicate,  veil-like,  broad,  immovable,  or  slightly  waving 
membran&s  which  sometimes  form,  arc  likewise  Jiot  always  vssy 
to  be  .seen.  The  ha/y  apiK'arauce  of  the  fundus  noticeable  in  such 
cases,  particularly  about  the  optic  disc,  may  suggest  the  erroneous 
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Wea  of  a  retinal  opacity,  and  it  is  only  by  an  accurate  adjustment 

of  the  accommodatinn,  generally  also  wlion  the  pupil  is  dilated,  that 

the  unitormly  cloudwl  veil,  stretched   tlirougli  the  vitreous  l»ody, 

i-can  be  recognized.     If  such   memliranes  lie  immediately  behiud 

the   lens,  they  «ui  genenilly  hest    he   i*e4x>^nized   in  the   ii]>rit|;ht 

)  image  hy  the  help  of  a  weak  convex  lens,  say  ^(p,  placed  behind 

(tlie  mirror.    Dust-like  opacities  occur,  often  accompanying  chronic 

'choroiditis,  hut  more  I'retjueiitly  with  syphilitic  retinitis,  or  even 

witlnaiL  any  other  visible  changes,  and  in  such  cases  apijcar  not 

( infrequently  to  stand  in  connection  with  syphilis. 

'      The  v^itreous  opacities  most  frerpient  and  easiest  to  he  seen  are 

I  dark,   movable,   thread-like,  flowuient,   or   membranous   Ixxlies, 

I  which  are  set  in  motion  by  the  movements  of  tlic  eye.      Their 

I  gretit   mobility   is  symptomatic  of  li<jiiefaction   of  the  vitreous. 

1  Still,  such  bodies  may  l)e  situate<l  in  Huid  which  has  accumulate<l 

between  (he  detached  vilre<^»us  boily  and  the  retina. 

It  is  certain  that  a  great  |)art  of  these  opacities  are  due  to 
I  changes  in  the  celt  elements  of  the  vitreous.  Both  the  nature  of 
Ithese  changes  and  their  occurrence  simultaneously  with  other  in- 
I  flammatorj*  processes  fully  justify  the  designation  of  the  condition 
'  as  inflammation  of  the  vitreous,  or  hyalitis.  In  fact,  imiiortant 
1  changes  in  the  cell  elements  of  the  vitreous  are  always  fimnd  upon 
I  anatomical  examination  of  any  eye  which  has  become  fluid  from 
'  disease  of  its  internal  membranes,  especially  from  disca-se  of  the 
1  choroidal  tract.  Frctpienily  we  find  great  nuntbers  of  roundish 
I  cells  whose  nuclei  are  undergoing  division,  often,  too,  containing 
I  dark  pigment  gmnides.  Frequently  these  cells  have  numerous 
I  delicate  anastomosing  prc>cesses,  permeating  the  vitreous  in  the 
form  of  a  reticulated  membrane. 

The  essential  symptom  of  an  inflammation  of  the  vitreous  is, 
therefore,  its  opacity.  Its  transparency  is  dimitiishetl  during  an 
acute  choroiditis,  and  also  by  the  presence  of  easily  coiigulable 
exudative  fluid.  In  those  coses  of  irido-choroiditis  which  go  on 
to  complete  detachment  of  the  retina  and  atrophy  of  the  eyeball, 
a  dense,  fibrous,  shrunken  mass  is  found  Iviiig  in  the  vitreous 
boiiy  immediately  beliind  the  leus.  It  appears  to  be  particularly 
in  such  cases  that  osteoma  develops  in  the  vitreous  bixly.'*     The 
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<ases  flasrrihed  as  ossifi^-atioii  of  the  lens  may  have  bceu  confoundHl 
>vilh  this  process  in  the  vitnoius  Ixxly. 

But  of  course  all  ojmcities  in  the  vitreous  body  are  not  of  an 
iiiHiuuriiatory  nature.  This  can  scarecly  be  assumed^  for  instaiiee, 
with  reference  to  those  small,  fixed  spet^ks  which  are  oeeasinnally 
found  in  a  vitreous  otherwise  truns|Kireut  iind  in  an  eye  otherwise 
normal.  Some  such  small  opacities,  from  a  transparent  vitreous 
which  I  have  been  able  to  subject  to  n)icro5coi>ic  examination, 
consisteil  only  of  numerous  tine  pigment  granules^  which  ap[)etirefl 
to  be  contaiuefl  in  ramifying  canals. 

Very  dense  vitrooup  o]>:icitics  sometimes  txxiur  so  suddenly  that 
they  must  in  aEl  probability  be  regardctl  as  of  hemorrhagic  origin. 

The  disturbances  of  vision  are  caused  by  the  shadows  -which 
the  opacities  oast  ii|wm  tin*  retina.  Small  fixeil  opacities  may 
therefore  occur  iu  au  otherwise  transparent  vitreous  and  while 
vision  is  unimpaired.  They  appear  to  the  [mtieut  as  dark  specks, 
which  do  not  greatly  change  their  position  iji  the  visual  field. 
Delicate  clouded  membranes  or  ditluse  opacities  ol)scure  vision 
more  or  less,  while  titc  lai^e  movable  flakes  cause  a  diffuse  cloud- 
inessj  and  in  addiiion  cast  upon  the  retina  movable  shadow*^, 
JK-Tccptiblc  to  the  pHtrent. 

Pisenses  of  the  chonud  and  retina  are  generally  the  causes  of 
vitreous  opacities.  This  is  {>erha[)s  the  reason  why  it  is  custom- 
ary to  tipcjik  of  choHpiilitis  as  s<K>n  as  any  vitreotis  ©iMicitj'  apiH-ars, 
even  though  mMlinroidal  changes  can  be  detc^ctcd  by  the  ophthal- 
moscope ;  or  cyditis  is  assumed  when  tlie  opacity  lies  in  the  ante- 
rior pifrtion  of  the  vitreous.  As  o])posed  to  this  view,  it  may  he 
remarked  that  mt  reii-son  can  he  given  why  the  cellular  elements 
of  the  vitreous  may  not  become  iudei>endent]y  diseased  as  well  as 
tliose  of  the  cornea. 

The  prognosis  is  generally  unfavorable.  In  some  cases  of 
inflammatory  or  hemorrhagic  origin,  it  is  true,  the  opacities  may 
entirely  disappear,  but  as  a  rule  they  are  permanent. 

The  fact  has  been  observed,  csi)ecially  in  myopic  eyes,  that 
disease  of  the  vitreous  may  be  the  precursor  of  retinal  diseaise. 

In  the  treatment  it  is  first  to  be  ascertained  whether  the  exit-t- 
euee  of  syphilis,  hemorrhagic  diseases,  etc.,  indicate  the  propriety 
of  any  special  therapeutics. 

In   most   pjises   the  indications  exist  for  the  usual  derivative 
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therapeutic  menus  eniploye<l  for  intraooular  diseases  in  grnernl, 
fiUi'li  lis  blewJing  bv  the  artificial  leech,  foot-baths,  cathartics, 
diaphoretics,  merctirinls,  or  iodide  tif  potassium. 

The  case  i-eportwl  bv  Von  Graefe,  in  wliicJi  complete  restora- 
tion of  vision  was  obtaine*!  bv  discisioei  of  a  membrane  stretched 
transversely  across  throiigli  thii  vitreous,  appears  as  yet  to  be  tlie 
oidv  such  ou  i-eoord.* 


C'liolesterin  crystiils  are  freijucntly  observed  in  the  vitrefius 
body.  They  occur  sometime?*  in  connection  with  ntlier  opacities 
of  the  vitreous,  or  as  the  residuum  of  such  opacities,  soraetimee  in 
a  vitreous  otherwise  dear,  i>rcs('ntin^  no  other  changes  and  where 
vt*iou  is  nearly  perfwt.  Ophthalnioscopically  they  ajipear  as  fine, 
glittering,  trembling  points,  much  brighter  when  illuminated  by 
the  concave  mirror  than  when  tbc  plane  tnirr^ir  is  used.  Tn  the 
anterior  part  of  the  vitrmus  they  can  bo  well  seen  by  (m^l  illu- 
mination. In  the  course  of  some  months  they  may  disappear 
spontaneously. 

Ueeurring  hemorrhages  into  the  vitreous  are  rare,  but  the  con- 
dition generally  resists  treatment  obstinately,  and  is  a  very  serious 
one. 

Immwliately  after  a  hemorrliage  vision  is  generally  much  di- 
minislicd.  In  the  course  of  cue  or  two  months  the  effusion  ib 
«»»rlM-'d,  but  only  to  be  followed  soon  by  a  repetition  of  the  pro- 
cess. Small  hemorrhages  do  not  necessarily  cause  disintegration 
of  the  vitreous  tissue,  but  may  simply  indent  the  retiual  surface 
of  the  vitreous,  and  in  such  cases  are  often  enclosed  by  layers  of 
cloude<l  vitreous  substance.  Frequently  there  exist  simultaneously 
hemorrhages  in  tlie  equatorial  part  of  the  retina,  and  these  may 
with  greater  prol>ability  he  regardc<l  as  the  source  of  the  vitreous 
faeniorrlinges  than  win  those  choroidal  hemorrhages  to  which  Von 
Graefet  ascribed  them.  These  last,  if  they  should  break  through 
the  hyaloid  membrane  of  the  choroid,  would  be  much  more  likely 
to  detach  the  retina  than  to  penetrate  it  through  a  small,  sharply 
defined  opening. 

Nothing  is  known  rcs(»ecting  the  causes  of  recurring  vitreous 


t  Ibid.,  B.  i.  I,  pftg,  858. 


*  Arch.  f.  Ophth.,  B.  ix.  2,  pag.  102. 
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hemorrhages.     It   is    noticeable   that   they  occur  principally  in 
persons  between  twenty  and  forty  years  of  age. 

TheiJevelopiiieiit  of  blcKul- vessels  in  the  vitreous  of  eyes  which 
ore  already  blin<],  in  oon^queiioe  of  chonjiditis,  is  no  gi*eat  rarity. 
The  new  vessels  appear  to  spring  mostly  fr(.>m  the  retina,  liut 
since  in  these  cases  Iwth  the  vitreous  ami  the  lens  are  jjenerally 
opaque,  there  is  very  seldom  an  opportunity  for  reoognizing  these 
new  vessels  U|>oii  clini^-al  exiiniiiialioii.  If,  however,  the  refracting 
media  before  tlie  vitre<)us  remain  trauspareut,  and  if  tlie  vessels 
ramify  in  tlie  hollow  formed  by  the  lens,  they  may  be  easily  seen 
with  the  naked  eye. 

Tiiose  teases  iu  which  the  development  of  vessels  must  probably 
be  regarded  as  a  consequence  of  a  retinitis,  as  evinced  by  an  oimcit)' 
and  excessive  hy|>eriemitt  of  the  retina,  arc  of  uu  entirely  diffcrtnt 
nature.  There  are  on  re^-iord*  but  two  ob«*rvation8  of  this  kind. 
In  both  the  vitreous  was  cloudo<i,  but  still  sufticienlly  transpaniii 
to  admit  of  the  examination  of  the  fundus.  The  vesacla  spnuig 
from  the  optic  disc  itself,  or  from  its  neighborhood,  and  spread 
tUrougfi  the  posterior  i)art  of  the  eye,  the  longest  brandies  reach- 
ing its  centre. 

In  one  case  one  of  these  branches  was  the  source  of  a  liemor- 
rhage.  The  vitreous  opacity  and  the  aHection  of  the  retina  were 
bilateral,  but  the  development  of  vessels  %vas,  in  one  cose,  oonfineil 
to  one  eye.  In  both  (.-ases,  at  the  height  of  the  disease,  viaioa 
improved  greatly  as  the  vitreous  olearo<l  up. 

As  a  very  rare  cause  of  vascularization  of  the  vitreous,  it  should 
be  mcntionetl  that  in  one  case  of  choroidal  ab^'ess,  probably  a 
suppuratetl  tubercle  which  |>enetrated  the  vitreous  bo<ly,  iJwkert 
saw  the  development  of  vessels  in  the  vitreous.  A  sul>s<H{uent 
anatomical  examination  showetl  that  they  were  connected  with 
the  retinal  vessels.  The  same  olwerver  reports  a  case  iu  whicJi 
n  vasculari/xtl  morbid  growtli  developed  in  the  vitreous.^ 

In  the  fcetus  the  hyaloid  artery  runs  through  the  hyaloid  canal 
from  the  optic  disc  to  the  posterior  pi>Ie  of  the  lens.     SiillingS  has 


*  Ooociua,  Vti\}VT  Ghiuc'oiii.  EntKundnng,  etc.,  Lnipni^,  1669,  pag.  47;  E. 
Ton  Jae^r,  OphthHlm.  HuntUtlBs,  pag.  117,  Taf.  xw,  Fig.  7S. 
t  Bericht  der  Wii-ner  Auseiiklinik,  1867,  |iflg.  114. 
J  L.  c,  \>i\e:.  106.  ?  Arch.  f.  Oplith.,  B.  xv.  8,  |*g.  209. 
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recently  re-demoustrated  that  tlie  hyaloid  canal  ]3ersi8t8  during 
life,  and  it  api>ejii>  thmt  in  rare  cases,  in  wnsequpnce  of  a  flight 
opacity  f>r  vascularization  of  its  walls,  it  may  remain  visible  by 
the  ophthalmoscope.*  Somewhat  more  fre<|uently  a  thread  is 
obser\'ed  connecting  the  optic  nerve  with  the  posterior  pole. 
This  must  l>e  regarded  as  tlie  atrophietl  remnant  of  the  hyaloid 
artery. 


Cysticercus  within  the  eye  was  first  obserVetl  in  tlie  anterior 
chamber.  Ophilialnioscopic  examination  has  shown  that  it  is 
relatively  more  frequent  in  the  deeper  i«irts  of  the  eye. 

The  cysticereus  appears  as  a  semi-transi)arent,  bluish-white, 
distinctly  defined  cyst,  uikim  which  it  is  often  jjoesible  to  sec  the 
movements  of  the  outstretched  neck  and  head,  with  its  sucking 
apjMiratns.  When  theoplitlialmoscopic  imape  is  as  distinct  as  this, 
there  is  no  dungeripf  an  error  in  diagntisis.  Frequently,  however, 
the  head  and  neck  are  drawn  in,  and  the  place  upon  the  cyst 
occupied  by  the  neck  appears  simply  tis  a  brighter  spot.  If,  under 
these  circuuL-itances,  the  examiner  fix  fiis  gaze  for,  say  a  minute, 
on  cue  jMirticular  point  of  the  cyst,  he  may  frequently  detect  ita 
movements.  Still,  in  most  cases  1  have  not  been  able  to  deter- 
mine whether  the  movement's  observed  were  spontaneous  on  the 
part  of  the  cyst  or  were  slight  movements  of  tlie  eye  itself. 

In  the  majority  of  cases  the  cA'sticcrcus  lies  originally  U^twecn 
the  retina  and  the  choroid,  and  therefore  clauses  extensive  tletacli- 
ment  of  the  retina.  At  a  later  ]>eriotl  the  cysticereus  may  break 
through  tiie  retina  and  penetrate  the  vitreous,  or  it  may  remain 
lying  between  the  retina  and  the  vitreous. 

When  first  observed,  the  cysticereus  is  in  the  vitreous  body  in 
only  about  half  tlie  cases. 

As  might  Iw  exported,  aside  from  the  cysticereus,  there  almost 
always  exist  important  pathological  changes.  Opacities  of  the 
vitreous  sometimes  precede  the  apj>ennince  of  the  cysticereus  or 
appear  at  a  later  stage.  The  mechanical  irritation  caused  by  the 
presence  of  the  entozoon  frequently  induces  inflammatory  changes 
in  the  retina  or  choroid.  In  consequence  of  this,  both  membranes, 
and  often,  too,  a  portion  of  the  neighboring  vitreous,  may  grow 

*  Saemiscb,  Klin.  MonaubJ.,  18G9.  pag.  804. 
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together,  forming  a  pom|jact  mans.  Under  these  oircurastanreB 
there  is  frequently  seen  simultaneously  witlj  the  cysticercus  a 
dirty-white,  strongly  reflecting,  cireuinstTibed  place  in  the  interior 
of  the  eye,  which  does  not,  however,  for  the  moment  neceaeartly 
correspond  with  the  position  of  the  cysticercus,  which  cau  change 
its  place  hy  its  own  spontaneous  movements. 

These  changes,  in  the  course  of  time,  make  the  ophthahnoecopic 
examination  impossible.  The  vitreous  and  frequently  the  lens 
become  opaque;  iritis  and  choroiditis  ap|H^ar,  and  complete  blind- 
ness, with  atrophy  of  the  eye,  is  the  most  frecjueni  termiuation. 

It  is  notioed  that  c)*stioercus  is  found  in  those  regions  where 
the  taMiiu  solium  meet  prevail.'^,  while  in  thot^e  regions  infested  by 
the  tffinia  mediocanellata,  cysticercus  ia  almost  never  found  in  the 
eye. 

The  extraction  of  the  cysticercus  from  the  anterior  chainl>er  is 
generally  not  dii^cult.  If  it  be  situated  deep  in  the  eye,  it  may 
still  1m»  possible  to  remove  it  by  mc:m»  of  the  periplieral  1in(^r 
incisiou,  liaviug  first  removed  tlie  lens.  But  it  is  seldom  that 
vision  can  l>e  saved.  The  form  of  the  eye  is,  however,  often 
preserved  by  this  oj^ration. 


PART  THIRD. 

NORMAL  FUNDUS;  DISEASES  OF  THE  CHOROID,  OF  THE 
RETINA,  AND  OF  THE  OPTIC  NERVE;  GLAUCOMA  AND 
AMBLYOPIA. 


401 


OPHTHALMOSronC  IMAOE  OF  THE  NORMAL  FUNDUS 
OF  THE  EYK. 


' 


The  normal  ojrtic  nerve  is  disiiuguished  from  the  surroiuuling 
fundus  by  a  hrightcr  tiolor,  wliicti  liy  *lay]iglit  a|i]>Giirs  it^  a  hri^^ht 
yellowish-rwl.  liy  artificial  tigliL  the  yeUaw  tinge  is  lost,  while 
tl»e  re<l  still  remains.  The  optic  nerve  therefore  ap|K'-ars  white, 
tinged  with  ral.  This  red  tinge  is  causotl  hy  tlie  numerous  capil- 
lary bhxKi- vessels  at  the  intrinK'ular  extreinily  of  the  optie  nerve. 

Tlie  optic  nerve  is  generally  hounded  by  a  white  line  varying 
iu  breitdth,  generally  motit  distinct  upon  the  temporal  side,  and 
often  surroninlitif;  the  o|>tif  nerve  like  a  ring.  The  anatomical 
cause  for  this  a[>pej\rance  is  that  between  the  inner  nerve-sheath 
and  the  margin  of  the  foramen  (-horoidea;  a  slrifie  of -scleral 
tiniie  shhies  through  the  retina.  The  brwidth  (if  this  scleral 
■Iripe  varies  greatly  fn  diflerent  individuals.  (.Jenerally  it  is  just 
Wcoguizable  ;  when  it  equals  tlie  breadth  of  u  retinal  vessel  it  is 
relatively  broad.  Ah  these  scleral  stripes  increase  in  witlth  they 
grailually  begin  to  present  the  same  ophthalmo>eopie  image  as  do 
the  white  crescents  surrounding  the  optic  nerve  in  mvopia  (comp. 
p.  38). 

The  margin  of  the  foramen  choroideae  often  forms  a  <lark  pig- 
mented ring  Burr(.»unding  the  optic  nerve.  Often,  however,  this 
ring  remains  incomplete,  and  at  times  is  only  indicatetl  by  small 
specks  of  pigment,  generally  most  nuinerons  on  the  temprmil  side 
of  tl»c  optic  nerve. 

The  optic  disc  usually  presents  at  its  centre  a  slight  depression, 
which  9on)ctimes  attains  a  considcral>le  size. 

The  bundles  of  nerve  tibres  contained  iu  the  trunk  of  the  optic 
nerve,  having  arrived  at  its  intraocular  end,  must  necessarily  bend 
in  onler  U>  pass  into  the  nerve-fibre  layer  of  the  retina.  Tiiis 
i-auscs  a  slight  fuiitiel-sha]>ed  depression,  which  is  always  close  to 
the  oeutral  vascular  canal,  and  on  the  temporal  side  of  it.     This 
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depression  ajipears  ophthulmon^copicall}'  as  a  brighter  spot,  van'Iug 
ill  size  in  different  individuals,  lint  nearly  always  lar^  enou}i;h 
tn  atlniit  the  recoguilion  of  the  eharucterisiie  appearaufes  of  the 
lamina  cribrosa  at  its  bottom.  Wlien  sufficiently  magnified,  and 
that  Ix'st  in  the  upright  image,  or  in  the  invcrteil  image  writh  wn- 
v«x  3  or  3i,  the  net-work  of  interwoven  conneetive  ti^ue  ean  be 
recognized  by  its  brilliant  white  color,  while  the  bundles  of  nerve 
fibres  filling  its  meshes  appear  il-*  bright-gray  dots.  These  dots 
ai'e  round  when  the  bundles  turn  at  right  angles,  and  are  oval 
when  tlie  bundles  pass  into  the  retina  in  a  more  oblique  direetion. 

With  refennice  to  tht?  oiilitlifdmoscdpic  image  of  the  lamina 
cribrasa,  it  is  to  l)e  remeaibered  that  every  eross-section  of  the 
optic  nerve,  and  not  simply  the  natural  one  at  its  intraornlar 
extremity,  presents  the  appearance  of  a  cribriform  disc.  Ac- 
conlingly,  at  whatever  depth  we  are  able  opiitlialmosciipically  to 
penetrate  the  optic  nerve^  everywhere  will  wc  find  the  image  of 
the  lamina  cribrosa  re|)eated. 

Ariatomiciilly,  honx'ver, — and  this  is  the  jwint  to  be  here  [Mir- 
ticuliirly  observed,— only  that  pnrt  of  tlic  oi>tic  nerve  in  which  the 
tissue  is  intimately  interwoven  with  that  of  the  sclera  is  designated 
as  the  lamina  cribrosa.  Fibres  of  tiie  scleral  tissue  pass  trans- 
versely through  the  optic  nerve,  and  shreds  of  connective  tissue 
bend  out  of  the  optic  nerve  into  the  selcni.  Anteriorly,  this 
pluco  is  boundetl  by  a  nlightly  concave  line  in  the  plane  of  the 
chomid  ;  posteriorly,  it  extcnris  as  tar  as  the  middle  of  the  thick- 
ness of  the  sclera.  In  longitudinal  section,  this  portion  is  ex- 
ceefliiigly  distinct,  for  the  i*easou  that  at  its  tK>sterior  limit  the 
optic-nerve  fibres  lose  their  myelin  sheaths,  in  order,  as  fine 
pale  fiiHcicul),  to  pass  through  the  connective-tissue  meshes  of  the 
lamina  cribrosa. 

Oitferences  of  level  at  the  intraocular  extremity  of  the  optic 
nerve  may  Imj  caused,  as  H.  Milller*  has  shown,  by  the  behavior 
of  the  external  layers  of  the  retina,  that  is,  of  all  those  layers 
which  lie  external  to  the  nerve  fibres.  If  they  extend  close  up 
t*t  the  uptic  nerve,  the  nerve  fibi^cs  must  ascend  vertically  along 
the  external  layers,  and  then  curve  suddenly.  This  narro%v8  the 
central  depression.     If,  on  the  contrary,  the  external  layers,  be- 


OPTIC  DISC, 

giiiiiiiig  at  the  optic  nerve,  increase  in  thickness  only  gradually, 
the  riirvc«  made  l>y  the  nerve  fibres  are  less  abrupt,  the  central 
depre^ion  is  broader  ami  deeper,  so  tliat  the  huiiina  cribrr)«i  is 
seen  at  its  bottom.  This  slight  depression,  as  already  mentioned, 
ia  always  on  the  temporal  sitle  of  tlie  vossels  of  the  nerve,  and 
therefore  is  nearer  to  the  temporal  than  to  the  nuilian  aide  oi"  the 
optic  nerve. 

H.  Muller  pointed  out  the  fact  that  very  often  the  mass  of 
nerve  fibres  which  jMisses  over  the  margin  of  the  i>Iaee  of  entrance 
of  the  optic  nerve  is  not  equal  at  all  ])arts,  but  is  less  upon  the 
side  towar<l  the  yellow  spot  thtiii  in  the  other  portions.  These 
differeneuH  of  level  arL*  distinctly  shown  in  the  longitudinal  section 
of  an  optic  nerve  represented  in  Fig.  4'^, 


Fio.  43. 
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Vc. 

The  thickness  of  the  intraocular  portion  of  the  optic  ner\'e  is 
greater  on  the  median  side  at  m  than  on  the  tcmjiomi  side  at  t. 
The  inuiks  of  the  retinal  vessels  ascend  along  the  median  side, 
but  leave  the  plane  of  the  section  before  they  reach  the  surface 
of  the  retina. 

This  distribution  of  the  optic  nerve  fibres  is  probably  to  be 
explained  by  an  anatomiad  peculiarity  of  the  macida  hitea.  The 
fibrous  nerve  layer  Is  at  tfiat  place  considerably  tliiinier  than  at 
any  other  point  equally  disiaiit  from  the  optic  norvc,  lxv-,iuse  at 
that  place  are  found  only  those  fibres  whose  extremities  l>elong  to 
the  maenla  lutea  Uf-vU^  wliile  tliowe  fibres  destinetl  for  the  periphery 
of  the  rciina  avoid  this  sjHJt  by  curving  arouml  it.  It  is  very 
likely  that  iu  some  cases  those  nerve  fibres  dcstine<l  for  the  tem- 
jKiral  half  of  the  retina  are  arranged,  even  in  tlie  optic  nerve  itself. 
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with  rcfpi-enw  to  tiim  [leculiar  Histributioii  about  the  n^gion  of  the 
macula  hitca. 

The  tenifKtral  mai^in  of  the  optic  nerve  is  there  principally 
crossed  l>y  those  nervt;  fihres  which  eml  in  the  macula  liitea.  while 
the  iTinuiiiiug  fibres  are  crowded  together  U]«m  the  median,  upper, 
and  lower  |>ari6  o^  the  optic  nerve. 

The  nerve  Hbros  which  belong  to  the  temporal  periphery  of  the 
retina^  and  which  serve  for  ercentric  vision  in  the  median  portion 
of  the  visual  field,  will  tlien  be  found  at  the  up|)er  and  lower 
portions  of  the  optic  nerve. 

The  nlwve  described  difference  of  level  in  the  optic  nerve  is 
called  n  physiological  excavation  when  the  floor  of  the  central 
depn?s.siou  lies  below  the  plane  of  the  choroid. 

Upon  anatomical  examination  the  anterior  limit  of  the  lamiim 
cribrosa  is  generally  found  on  the  level  of  the  choroid,  but  where 
there  is  phyj'iologitsil  excavati<»n  the  ophthalnKj^eopeHhows  us  the 
characteristic  picture  of  the  lamina  cribrosa  at  a  much  deeper  level, 
for  every  cross-section  of  the  optic  nerve,  at  whatever  distance 
from  the  retina,  shows  this  same  picture.  A  physiological  ejcca- 
vation  more  than  half  a  millimetre  deeper  than  tlie  plane  of  the 
choroid  is  no  great  rarity. 

The  iiphthaimoscopic  picture  of  tlie  physiological  optic-nervo 
excavation  is  as  folln\\*s  : 

One  sees  uj)on  the  optio  di.sc  n  bright  spot,  in  which  can  be 
recognized  the  central  vessels  and  the  characteristic  si^ns  of  the 
lamiua  crlbrosa,  and  upon  whose  bright  backj^ronnd  the  delicate 
vessels  running  towaixl  the  mm-ula  hitca  are  sharply  dclrncd. 

At  the  median,  upper,  and  lower  portions  of  the  optic  disc,  tlie 
bright  (*pot  is  more  or  less  sharply  bounded  by  the  gray-red  muss 
of  the  optic  nerve.  The  greater  part  of  tlie  nerve  fibres  are  crowded 
together  in  the  form  of  a  crescent,  whose  convexity  is  turned 
toward  the  me<lian  side,  while  its  two  horns,  above  and  l^low,  are 
directed  towaitl  the  marula  hitea.  The  nerve  fibres  forming  this 
cresoentic  mass  are  seen  ascending  steeply  from  tlie  floor  of  the 
Inmiihi  nrihrosji  and  rurvJntj  sharply  into  the  jdanc  of  tlie  retina. 

The  vascular  trunks  follow  the  same  course  a.s  tlie  nerve  fibres 
6un'oun<ling  them.  They  always  ascemi  upon  the  median  wall  of 
the  nerve-fibre  layer,  simply  because  at  the  intraocular  extremity 
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of  the  optic  nerve  they  retain  the  same  relative  [xjsitiou  that  ihey 
do  in  its  orbital  ]art,  ami  Ijeeause  their  prin(*i|)al  branches  for  the 
most  part  run  to  the  nK'<Uati  half  of  the  retina. 

If  one  follow  the  retinal  vessels  from  the  ^leriphery  to  the  optie 
nerve,  they  are  seen  at  the  margin  of  the  excavation  to  bend  over 
h<M)k-*hiipetl.  Tliat  fun-t  of  the  vessel  which  descends  upon  the 
nie^lian  wall  of  the  excavation  is  foreshortened  in  perspective,  or 
else  h  not  visible  d(>\vn  1o  tlie  point  where  it  sinks  into  the  lamina 
cribrosii. 

The  descent  into  the  ]>hysiologicaI  excavation  is  often  qnite 
gradual ;  in  other  eases  the  margin,  cs|>eclally  in  its  median,  up|ior, 
and  lower  portions,  is  vcr}'  sharp,  often  indeed  overhanjjing,  and 
the  walls  steep.  But  it  is  of  great  dijignostic  importance  to 
olwerve  that  the  margin  nf  the  pbysinlogiral  extavation  never 
coincides  with  that  of  the  optic  disc  itself.  At  the  metlian  side 
this  is  easily  seen  by  reason  of  the  breadth  and  distiuetncKS  of 
the  nerve-fibre  layer;  but  this  is  more  difficult  njjon  the  side 
towartl  the  macula  lutea,  bet^use  here  there  is  often  really  no 
sharply  defiuwl  margin  of  the  excavation.  Upon  this  side  the 
slojje  of  tiie  wall  is  qnite  gradual ;  the  surface  of  the  optic  nerve 
rises*  gnwinally  to  the  level  of  the  retina,  but  always  reaches  it 
before  |>assing  the  margin  of  the  optic  disc. 

The  diagnosis  of  physiological  excavation  is  made  by  the  lielp 
of  thos<'  (»phtlialmi>s(;opinxl  ex[>eriment»  by  which  Ijoth  in  the 
invertwl  aiul  in  tlie  upright  inmge  we  are  enabled  to  detect  dif- 
ferences of  level  in  the  fundus  of  the  eye. 

In  the  examination  in  the  upright  image  the  diagnosis  depends 
U|Hjn  those  laws  which  have  been  given  on  page  9(i.  If,  for 
instance,  tfie  eye  be  emmetropic,  so  that  the  plane  of  the  retina 
can  Ik*  distinctly  seen  in  the  upright  image,  without  a  oniTccting 
lens,  then,  in  onler  to  see  distinctly  the  botti)ni  of  an  excavation, 
a  concave  lens  is  necessary  whose  focal  distance  must  be  so  much 
tJie  shorter  the  deeper  the  excavation. 

Ajreuming  complete  relaxation  of  accommodutiun  for  both  tlic 
examinetl  and  the  examining  eye,  a  different  correcting  lens  is 
necessary-  for  seeing  the  plane  of  the  retina  than  for  seeing  the 
floor  of  the  excavation,  and  the  depth  of  the  excavation  may  be 
calculaiwl  from  the  difference  betweeu  these  two  glasses.  Tliis 
calculation  may  Ite  made  by  the  methml  which  we  have  employed 


408 


DIAGNOfilS  OP   KXOAVAtlOH. 


on  page  104,  but  in  view  of  all  the  unavoidable  sources  lif  error 
tbt!  pmofcicul  application  of  this  method  is  quite  limitetK 

In  the  examination  in  the  iiiverti*il  image  the  greatest  reliant 
is  placed  niwin  the  change  in  the  |>arallax  of  the  ophthalmoiswpic 
image,  ciiuged  by  movements  of  the  convex  lens.  The  npriral 
principle  involved  is  explained  b^'  Fig,  44. 


Fio.  44. 
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Sup[x)Be  the  poiuta  a  and  b  to  lie  upon  the  Hue  of  vifiion  of 
tlie  observer,  c  to  be  the  optical  centre  of  the  convex  lens,  antl 
the  points  a  and  h  to  lie  Iwyond  it.s  principal  fix'us,  then  will 
a'  und  1/  represent  the  real,  inverted  images  of  tliese  |>ointt*.  If 
now,  without  chniigiug  the  direction  of  the  line  of  vision,  we 
move  the  convex  lens  w>  that  its  optical  centre  comes  to  c',  then 
will  the  image  of  the  point  a  be  Cornieil  ii])ou  the  line  «c',  for 
instance,  at  a'^,  and  the  image  of  ttie  point  h  upon  tlie  line  be'  at  6". 

Tiio  iniiige  of  the  point  b  has  moved  fartlier  frmn  our  line  of 
vision  than  Una  that  of  the  point  a.  Accordingly  the  movement 
of  the  convex  lens  displaces  the  image  of  a  more  distant  point  les!; 
than  it  d«x«  that  of  a  nearer  one. 

If  now,  during  the  examination  in  the  inverte<l  image,  slight 
movements  of  the  convex  lens  be  made,  the  entire  sharp  margin 
of  the  physiological  excavation  will  be  seen  to  move  over  the 
lamina  cribrosa.  It  is  still  Uitter  when  the  examiner  fixes  his 
attention  upon  that  portion  of  a  retinal  vessel  which  bends  over 
the  margin  of  the  excavation,  and  then  makes  movements  of  the 
convex  tens  at  right  angles  to  the  course  of  the  vessel.  The  |jart 
of  the  vessel  iixal,  appears  then  to  move  moi'e  at  tlie  margin  of 
the  excavation  than  does  that  part  lying  upon  the  lamina  cribnea. 
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storting-puint  of  the  central  vessels  generally  lies  slightly 
to  the  inner  side  of  the  centre  of  the  optic  disc.  The  prini-ipal 
branches  of  the  retinal  vessels  run  mostly  upward  and  down- 
ward; only  two  delicate  vessels  start  out  in  the  dii^tiou  of  the 
macula  lutea.  Frequently  the  vessels  hranch  oft'  deeper  in  the 
optic  nerve,  and  make  their  first  ap|>earance  at  the  temporal 
mai^n  of  the  disc.  In  general  the  individual  differences  in  the 
arrangement  of  the  vessels  depend  for  the  most  part  upon  whether 
the  point  at  which  they  are  given  oil'  i.s  visible  or  not. 

In  the  case  of  the  larger  retinal  vessels  it  is  easy  to  distinguish 
the  arteries  from  the  veins.  The  arteries  are  of  a  bright-red 
color ;  the  veins  are  darker  and  often  somewhat  wider.  The 
arteries,  moreover,  generally  run  much  straighter  than  tlie  veins, 
which  latter,  even  under  physiological  relations,  are  often  remark- 
ably sinuouH.  Along  the  centre  of  the  larger  retinal  vessels  is  seen 
a  bright  stripe,  the  reflex  from  the  cylindrical  wall,  more  ap|>ftrent 
on  the  arteries  than  on  the  veins.  In  many  cases,  even  under 
physiological  conditions,  the  adventitial  coat  of  the  vessels  can  be 
seen  as  a  dull  white  line,  accompanying  the  principal  trunks,  both 
of  the  arteries  and  the  veins.  It  can  generally  be  seep  most  dis- 
tinctly in  the  upright  image,  but  it  is  very  seldom  that  it  can  be 
trace*!  upon  the  retina  l>eyond  the  limits  of  the  optic  disc. 

The  venous  pulsation  is  a  remarkable  physiological  phenome- 
non, frequently  present,  but  not  always  easily  seen.  L'pou  one  or 
another  of  the  larger  veins  at  a  place  where  it  curves  to  stuk  into 
the  optic  nerve,  or  in  general  at  places  where  it  exiwriences  a 
sudden  cur\'ature,  for  instance,  on  the  margin  of  a  physiological 
excax'ation,  a  short  portion  of  the  vein  can  be  seen  in  regular 
rhythm  alternately  to  collapse  and  then  become  distende<l  with 
blood.  The  collapse  Ix^ins  at  the  central  part  of  the  vein,  in 
advance  of  tlie  radial  pulse,  very  seldom  extends  to  the  limit  of 
the  optic  disc,  and  never  beyond  it  into  the  region  of  the  retina- 
The  dilatation  proceeds  quickly  from  the  [wrii>hery  toward  the 
centre,  and  follows  immediately  after  the  radial  pulse.  There  is 
a  short  pause  ut  the  maximum  of  dilatation,  when  the  piu'tiome- 
non  refieats  itself  anew. 

This  symj)tom  was  explained  by  Bonders*  in  the  following 

•  Arcb.  f.  Ophth.,  B.  I.  2,  p«g.  75. 
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manner.  The  ftngmentctl  pressure  with  which  the  blood  streams 
into  the  arteries  is  partially  pmfKigatcd  tn  tlie  vitreous  botiy 
before  it  Ikls  had  time  to  extend  through  the  capillaries  into  the 
veins.  The*  pressure  of  tlie  blood  in  the  veins  decreases  fn»ra 
the  fa]>i]lftrit!4  t<»ward  the  heart,  and  at-oordin^ly  the  augmeiite*! 
pressure  in  the  vitreous  \HM\y  meets  with  the  least  resistance  frtHU 
the  print;i|wd  venous  trunks  just  at  the  point  where  thev  leave 
tiie  interior  of  the  eye.  This  ixirtion  i»f  (he  vein  is  therefore 
comprc«ed,  and  its  eontents  quiekly  forced  out,  while  the  Ulo«d 
.streaming  from  the  capillaries  is  dammed  up  on  the  distal  side 
of  tlie  compressed  portion.  After  the  ending  of  the  heart's 
systole  the  augmented  jtressure  in  tlie  arteries  an<l  that  in  the 
vitreoud  bmly  dependent  u{>on  it  intermit,  the  compression  of  the 
veins  ccases^and  the  obstructed  blood  flows  rapidly  away.  If  the 
intraocular  pressure  Ih»  increase*!  by  lightly  laying  the  finger  on 
the  eye,  the  venous  pulsation  may  be  produced  where  it  was  not 
formerly  seen,  or  if  it  was  seen,  is*  thus  made  more  apj^nrent. 

Pulsations  may  also  l>e  observcil  in  the  arteries,  as  was  first 
demonstrated  by  E.  v.  Jaeger.*  The  most  striking  and  longest 
known  phenomenon  of  this  sort  is  the  so-called  arterial  pulsation 
of  the  central  artery  of  the  retina.  An  impulse  in  the  ret?  column 
of  blood  in  tlie  trunk  of  the  artery  is  (seen  at  the  time  of  the 
hearths  systole,  while  during  the  heart's  diastole  the  pulsating 
artery  ap|K»ars  empty.  This  phenomenon  is  never  noticed  In-yond 
the  limits  of  the  optic  disc,  and  very  seldom  extends  to  tlie  6rst 
division  of  the  arterial  branches. 

This  arterial  pulsation  never  occurs  except  when  the  pressure 
in  the  vitreous  body  is  greater  than  the  lateral  pressure  in  the 
arteries,  so  that  it  is  only  by  the  sudden  increase  of  the  arterial 
pressutt^  during  the  heart's  systole  that  the  bloo<i  can  penetrate 
the  arteries. 

This  phenomenon  can  be  oljserved  at  any  time*  in  the  normal 
eye,  since  the  arterial  ptdsjition  may  always  be  protlncod  by  a 
steady,  increasing  pressure  of  the  finger  upon  the  e3'e.  During 
this  exjK;rimcnt  the  vessels  will  at  first  be  seen  to  contnicl  grad- 
imlly,  and  soon,  without  the  pi*cssure  being  at  all  unpleasant,  the 
pulsations  appear.     The  arteries  become  em])ly  durii»g  the  heart's 
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diastole,  and  during  each  systole  the  blood  is  seen  to  stream  swiftly 
in  again.  Under  this  nimierat^i  pressure  the  emptying  of  the  ves- 
sels oocupies  about  one-third  anil  their  HUing  aliout  two-thirds 
of  the  entire  rhythm.  Meanwhile  tlie  veins,  especially  upon  the 
optic  disc,  are  relativfly  empty,  and  nnly  seldom  show  pulsations. 
If  exceptionally  a  sixuiiltanctjus  venous  pulsiUiou  be  visible,  the 
distention  of  the  veins  coincides  in  time  with  the  contraction  of 
the  artery. 

As  the  pressure  increa.se«,  the  diastole  of  the  arteries  grows 
shorter.  Immediately  ailer  follows  the  distenlion  of  the  veins. 
It  appears  as  if  the  positive  wave,  when  the  j>ressure  is  so  great, 
were  proi>agated  more  rapidly  into  the  veins,  so  that  tlie  blood 
streams  almost  simultaneously  in  through  the  arteries  and  out 
through  the  veins. 

Finally,  during  the  greatest  pressure,  which,  however,  is  scarcely 
I>ainful,all  movement  of  the  blood  ceases;  the  positive  circulatory 
wave  can  no  longer  overcome  the  pressure  on  the  external  surfaces 
of  the  arteries. 

Simultaneously  with  these  changes  in  the  circulation  there  comes 
on,  while  the  pressure  of  the  finger  upon  the  out«r  side  of  the  eye- 
ball is  gradually  iuireaiieil,  a  darkening  of  the  visual  field.  Objects 
appear  at  tirst  obwure<l,  and  as  the  pressure  increases  they  disaj)- 
pear  entirely.  This  darkening  follows  a  few  seconds  after  the 
appearance  of  the  arterial  pulse,  and  is  due  to  the  obstructed  cir- 
culation and  to  the  arrested  cliemical  metamorphosis  ilepentlent 
apon  it,  from  which,  as  Donders*  remarks,  it  seems  plainly  enough 
to  follow  that,  even  in  the  retina,  the  physiml  efTetit  of  light  be- 
comes a  chemical  one.  Upon  removing  tiie  pressure  the  disturb- 
ance of  vision  ceases  almost  immediately,  so  that  af^er  a  few  seconds 
it  is  no  longer  noticed. 

Arterial  pulsation,  appearing  spontaneously,  always  shows  an 
abnormal  relation  between  the  blood  pressure  in  the  arterias  and 
the  intraocular  pi*e»iure.  In  raost  cases  it  is  due  to  the  increase 
of  pressure  which  characterizes  glaucoma.  It  is  only  seldom  that 
the  opposite  con<lition  obtains, — Uiat  is,  an  arterial  pressure  so 
decreased  that  it  is  too  weak  to  overcome  the  normal  intraocular 
pre»ure. 


"  Arch.  f.  Ophth.,  B.  i,  2,  pmg.  101. 
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Arterial  pulsation  may  be  caused  by  n  mechanical  obettructUi 
in  the  cin-ulatinn,  by  wliich  the  current  in  the  central  artery  of 
the  retina  is  i*etardeii.  Among  such  obstructions  are  intraorbital 
tumors^  inflanimator)'  swelling  of  the  optic  nerve,*  or  too  weak 
an  action  of  the  heart,  like  that  preceding  a  fainting-fit.f 

Tlie  rhythmical  streumiug  in  of  the  blood,  and  the  change  in  the 
condition  of  the  artery,  which  is  alternately  empty  or  nearly  ao, 
and  then  distendetl  with  blood,  give  to  the  arterial  pulse  a  thor- 
oughly patlioU>gtcal  characterj  still,  there  occur  in  the  central 
retinal  artery  other  phenomena  of  pulsation  more  physiological 
in  their  nature.  Quincke^  first  jM^iiited  out  the  fact  that  with  in- 
sufficiency of  the  aortic  valves  n  strong  ilistention  of  the  retinal 
arteries  simultaneously  with  the  heart's  systole  is  seen,  far  be- 
yond the  limits  of  the  oj>tic  disc.  One  sees  not  only  a  lateral  dis- 
tention of  the  vessels,  but  at  the  same  time  an  elongation  of  the 
arteries,  which  is  expressed  by  an  increase  of  all  their  curvatures. 
O.  Becker,§  who  confirmed  this  fact  in  a  series  of  cases  of  aortic 
insufficiency,  observed,  at  the  same  time,  in  a  perfectly  normal  eye 
of  a  i)erson  not  aflfccted  with  heart  disease,  an  unmistakable  rhyth- 
mical swelling  and  movement  of  the  arteries  upon  the  disc  and 
retina.  Becker,  moreover,  confirmed  the  observation  made  by 
Quincke,  that  in  aortic  insufficiency  a  unifonu  systolic  blush  and 
diastolic  paling  of  the  optic  disc  analogous  to  the  capillary  pulsa- 
tion to  be  seen  in  the  finger-nails  can  be  observed  in  the  upright 
image. 

In  its  normal  cou<lition  the  retina  is  exceedingly  transparent, 
and  reflects  but  little  light.  The  brighter  the  color  of  the  cho- 
roid, the  more  light  is  reflected  from  it  and  from  the  sclera,  and 
so  much  tlie  less  visible  is  the  weak  reflex  from  the  retina.  If, 
however,  the  choroid  be  darkly  pigmented,  the  light  reflected  from 
the  retina  is  plainly  visible  against  this  dull,  dark  backgrouud, 
and  this,  of  course,  most  at  the  place  where  the  retina  is  thickest, 
that  is,  at  the  place  of  entrance  of  tlie  optic  nerve.     With  proper 


*  Only  tliree  cases  of  this  kind  are  reported.   See  V.  Oriicfo,  Arch.  f.  Ophth., 
B.  xii.  2,  pag.  131. 

t  An  ol)icrvalii»ii  by  Wnrd'.worth,  Ophth.  Hosp.  Rop.,  iT.  pag.  111. 
J  Berl.  kliri.  Wochenfichria,  1868^  No.  84,  and  1870,  No.  21. 
I  Arch.  f.  Ophth.,  B.  xviiL  1,  pag.  206. 
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illumination, — ^that  is,  in  the  examination  in  the  upright  image 
with  a  wuak  mirror,  or  hi  tlm  inverted  image  using  (liffiiso  daylight, 
— the  retina  can  generally  be  seen  near  the  optic  disc,  aa  a  thin, 
light-gray  membrane.  This  phy3i<)l<»gical  opacity  of  the  retina 
may  I>e  »o  great  as  to  become  evident  by  artificial  illumination, 
and  to  hide  the  bonndary-line  of  th*  optic  disc,  especially  on  its 
median  side.  Occasionally  in  such  cases  certain  of  tlie  retinal 
vessels,  where  they  nm  for  a  distance  behind  the  nerve-fibre  layer, 
appear  lightly  veiled. 

That  margitj  of  the  optic  disc  whicli  is  turned  to^va^d  tlie  yellow 
spot  always  remains  free  from  this  clouding. 

This  appearance  in  the  retijittl  sul^stancc  is  diflerent  from  a 
peculiar  rellectiun  from  tht;  inner  surface  of  the  retina,  which  is 
often  seen  in  the  inverted  image  in  children,  and  more  rarely  in 
adults,  and  which  is  generally  visible  over  a  great  part  of  the 
retina.  This  is  a  diffuse,  glistening  reflex,  which  changes  its  posi- 
tion as  the  mirror  is  moved,  and  which  generally  can'  be  followed 
farthest  toward  the  periphery'  along  the  course  of  the  retinal  ves- 
sels. This  reflection  from  the  retina,  when  present,  shows  a  very 
peculiar  ami  characteristic  behavior  in  the  region  of  the  macula 
lutca;  it  ends  here  abruptly,  with  a  sharply  defitiAl  l>oundary;  it 
is  wholly  absent  or  is  very  weak  at  the  macula  lutea,  which  thus 
appears  as  if  sun-oundetl  by  a  glittering  ring,  whoso  diameter  is 
somewhat  greater  than  that  of  the  optic  disc,  and  which,  by  a 
slight  movement  of  the  mirror,  may  be  distinctly  traced  in  its 
entire  circumference. 

It  appears  most  natural  to  refer  this  reflex  to  the  connective 
tissue  of  the  retina,  particularly  of  the  nerve-fibre  layer.  This 
is  known  to  l>e  very  thin  in  the  region  of  the  yellow  spot,  and, 
moreover,  Muller's  radiiUing  fibres,  which  are  attached  by  broad 
extremities  to  the  internal  limiting  membrane,  though  not  al>- 
solutely  wanting  at  the  macula  luteu,  arc  so  thin  that  they  can 
be  microscopically  demonstrated  only  with  great  diflSculty.  Of 
course  there  must  be  certain  individual  peculiarities  which  cause 
this  reflex  to  be  only  occasionally  visible.  Mauthner  dii-ected 
atteution  to  the  remarkable  fact  that  this  reflex  is  wholly  absent 
in  the  upright  image. 

In  many  cases,  and  even  in  such  as  do  not  show  the  above 
described  reflex,  the  centre  of  the  macula  lutea  is  prominent  by 


reiiBon  of  its  red  color.     The  fovea  renlralis  is  rern^ized  as  a 
small  red  disc,  wliose  centre  often  appears  as  a  whitish,  roand,  ur 
sonietinies  hook-sliapcd  »^pot.     Tliis  spot  is  porhufs  ouly  tn  be 
regaixled  a^  a  reflex,  since  the  centre  of  the  fovea  centralis  is 
better  adapte<^l  than  are  its  steep  walls  to  reflect  light  in  the  direc- 
tion of  the  visual  axis.     The  red  color  of  the  fovea  centralis,  as 
well  as  that  of  the  fundus  in  general,  can  be  due  only  to  tlie 
blood  of  the  chontid ;  and  the  fact  that  this  color  U  a  darker  retl 
in  tlie  region  of  the  fovea  centralis  may  be  ]>artly  explaincii  by 
the  darker  pigmentation  which  always  exists  in  the  choroidal 
epithelium    in    tbo    region   nf  the   macula   lutea,  on  account  of 
which,  especially  iu  a  light-colored  stroma,  (his  portion  present!* 
a  dee|>-red  color.      Moreover,  this  color  is  so  much  the  more 
distinct  for  the  reason  that  the  fovea  centralis  is  a  circiirascrilwd 
depression,  upon  whose  "floor  the  retina  is  much  thiuner  than  upon 
the  immediately  adjoining  portions  of  the  yellow  sj^t.    GcnerallT^ 
in  the  cases  in  which  the  fovea  centralis  is  ophihalmoscopically 
distinct,  the  above  described  slight  physiological  opacity  of  the 
retina  can  be  seen  in  the  inverted  image,  and  by  daylight  extend- 
ing up  to  the  fovea  centralis,  but  wanting  within  it.     This  also 
proves  that  tho  red  color  of  the  choroid  is  somewhat  w»ftcned  by 
the  retina,  and  that  it  is  only  because  the  retina  at  this  place  ia 
thinner  that  tlie  fovea  centrrilis  appears  so  distinctly. 

The  examination  by  daylight  shows,  moreover,  that  the  yellow 
color  of  the  macula  lutea  is  only  a  po^l-morteni  appearance;  if 
the  retina  sun*oundiug  the  fovea  centralis  exhibit  any  color,  it  ia 
always  a  light  gray,  and  never  a  bright  yellow.  Such  a  bright 
yellow,  if  it  were  present  during  life,  could  not  possibly  esca{»e 
olwervation  during  the  ophthalmoscopic  examination  by  daylight, 
which  admits  of  so  distinct  a  I'ecoguition  of  all  oilors. 

Frcquontty  the  macula  lutea  presents  none  of  the  above  described 
appearaiures.  Only  its  position  is  then  indit^tcd,  and  that,  by  the 
maimer  in  which  the  retinal  vessels  taper  to  a  point  and  ap|iear 
to  end  about  it. 

The  examination  of  the  macula  lutea  is  more  difficult  tlrnn  that 
of  any  other  portion  of  the  fundus,  since,  in  the  first  place,  the 
pupil  contracts  very  suddenly  when  the  light  is  directed  upon  this 
most  sensitive  part  of  the  retina ;  and,  sewmlly,  the  unavoidable 
corneal  reflex  covers  a  part  of  the  already  contracted  pupil. 
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Wlion  these  optical  difficulties  nre  overcome  by  the  use  of  atro- 
pine, the  macula  futea  is  umut  easily  foiuul,  both  in  the  iijtrii^lit 
ami  in  the  invertetJ  image,  by  finding  first  the  optic  disc,  auil  tlieii 
proceeding  outward  from  its  tcmporol  margin. 

In  cases  in  wliieh  the  fovea  centralis  la  not  especially  distinct, 
and  where  it  h  desircHl  to  examine  this  region  carefully,  it  is  l)c>t 
to  examine  in  the  upright  image  with  a  weak  mirror,  and  to  cause 
the  patient  to  ]«>ok  directly  at  the  flame  reflei'tcd  from  tlip  mirmr. 

At  the  periphery,  tlie  r*Hiim  is  so  thin  and  tninspurcnt  that  It 
can  be  rof.?ognizefl  by  the  presence  of  its  vessels  only. 

Under  patliulf)gli'al  conditions,  however,  and  most  frequently 
from  detactimcut  of  the  retiua,  its  peripheral  part  may  beeon»e 
so  opaque  as  to  be  distinctly  seen. 

The  choroid  in  its  natural  cunditimi,  on  account  IhiLIi  uf  ita 
pigment  and  of  its  great  vascularity,  exercises  an  imjwrtant  inHii- 
euce  upon  the  ophtlialmoi»coi)ic  image,  and  upon  the  color  of  the 
fundus. 

The  retina  is,  almost  absolutely  tranapnrent,  the  sclera  is  covered 
by  the  ehtiroid,  and  can  be  illuminnted  and  seen  only  through  it. 
The  more  pigment  the  choroi^l  cimtains,  the  less  noticeable  in  the 
ophthalmoscopic  image  is  the  wliite  sclera  shining  through  it. 

But  the  appearand  of  the  choroid  itself  varies  according  to  the 
amount  of  pigment  Cfuitaiued  in  it. 

The  cliaracter  of  tlic  pigment  cpitliebum  is  of  great  influence. 
Although  it  consists  of  but  a  single  layer  of  c%lls,  it  is  still  very 
opaipie,  atid  when  possessing  it8  normal  quantity  of  pigment  it 
almost  wlHtlly  hides  the  choroidal  stroma  lying  l>ehind  it.  This 
cau  be  easily  demonstrated  anatomically  by  oomjianng,  under  a 
weak  magnifying  glass,  a  portion  of  the  chorf>id  still  covered!  by 
itA  epithelium  with  another  portion  from  which  tlie  cpitliclium 
has  been  removed. 

The  great  alx'jorption  of  light  in  the  chon)idal  epitliolinm  is  the 
cause  why,  when  the  pigment  is  very  dense,  so  little  can  be  seen 
of  the  I'horoidal  stroma.  In  such  a  case  the  retinal  vessels  are 
seen  to  branch  over  a  quite,  uniformly  colore<l  red  background. 

Nevertheless,  the  amount  of  pigment  in  the  choroidal  epi- 
thelium varies  conatderal)ly  in  diiferent  individuals,  but  the  color 
of  this  epithelial  layer  over  the  entire  fundus,  so  far  as  can  be 
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seen,  is  in  any  ^iven  case  uniform,  except  that  id  the  region  of  the 
macula  Intea  the  epithelium  is  always  durkor. 

In  new-born  infants  the  pigment  epithelium  b  always  very 
dark,  while  the  stroma  is  of  a  lighter  color. 

In  many  cases,  eapocially  with  relatively  slight  pigraentatinn  of 
the  choroidal  stroma,  the  fundun  presents  a  granular,  .ehagn>en 
appi'aran^'e,  generally  txn**t  distinct  at  the  equatorial  part.  It  is 
certain  that  this  punctution,  which  has  no  pathological  signifi- 
cance, must  be  referretl  to  the  epithelial  layer  of  the  choroid.  But 
the  |»os8ibility  asserted  by  Liebreich,*  of  recognizing  ophthalmo- 
scopically  the  individual  celU  of  the  choroidal  epithelium,  is  doubt- 
ful. The  superficial  diameter  of  a  single  cell  is  0.013  to  0.016 
mm.  Substituting  these  figures  in  the  calculation  made  on  page 
102,  each  cell  in  the  upright  image  would  appear  included  within 
a  visual  angle  of  about  3  minutes. 

Now,  it  is  true,  acconling  to  Tob.  Mayer,t  that  checker-lioard- 
like  figures  can  be  recognized  under  a  visual  angle  of  only  a  little 
more  than  2  minutes;  but  the  uniform,  closely  place<i  epithelial 
cells  of  the  choroid  are,  even  with  ophthalmoscopic  illumination, 
far  less  favorable  objects. 

If  the  choroid,  lx>th  in  its  epitlielium  and  in  its  stroma,  be 
weakly  pigmented,  its  vascular  net-work  is  the  more  apj>arent. 
The  choroidal  vciseU,  even  to  their  finest  ranufications,  are  <lis- 
tinctly  visible  against  the  background  forraetl  by  the  sclera.  The 
vascular  trunks  of  the  venie  vorticoste  which  penetrate  the  sclera, 
also  appear  with  equal  distinctness,  and  of  surprising  size.  Eves 
affected  with  this  slight  <legree  of  albinisnius  are  generally  mv- 
opic,  and  not  shaqi-sighted.  Higher  grades  of  albinismus,  with 
complete  aljsence  of  (Hgment  in  the  epithelium  and  in  the  stroma 
cells,  are  always  conncctc<l  with  nysti^inus. 

The  image  of  the  fundus  of  the  eye  is  ver>'  dilTerent  when  the 
choroidal  stroma  is  rich  in  pigment,  while  the  epithelium  has  but 
little  and  is  therefore  transparent.  Here  the  large  vawular 
trunks  lying  in  the  outermost  layers,  and  their  finest  branches 
as  well,  are  hidden  by  the  pigment  of  the  stroma,  while  the  vesdelfl 
of  medium  size  remain  visible,  forming  a  distinct  red  net-work, 


*  Arch.  f.  Ophth.,  B.  iv.  2,  pag.  486. 

t  Hflmholus,  Phyaiologische  Optik,  pag.  2]  8. 


rhoee  meshes,  the  so-call(xl  intcrvasciilar  spat-es,  n]>pear  nlinost 
[black  on  a<!Count  of  the  darknew  of  the  atroiual  pigment. 

The  form  of  these  interva.9C«!ar  spaiX'S  varies  atvonling  t**  their 
[locality.  In  the  deeper  parts  of  the  fundus,  in  the  region  of  the 
optic  disc  and  macula  lutea,  the  net-work  of  the  choroidal  vessels  is 
closer,  and  the  interva-^eular  spaces  therefore  more  rounded  at  the 
lOornerB.  In  the  ecpiatorial  part  the  choroidal  veuselft  run  moi'e  in 
k  meridional  direction,  and  with  fewer  anastomases;  consequently 
the  iutcrva.s(^ular  spaces  are  elongated. 

Frequently  the  consequences  above  explained,  of  a  very  dark 
pigmentation  of  thu  choroidal  stroma  with  a  relatively  light  pig- 
mentation (if  the  epithelium,  arc  so  marketl,  and  produce  an 
(.Ophthalmoscopic  image  so  diiferent  from  the  usual  one,  that  the 

jnner  is  often  inclined  to  regard  the  dark  intervascular  spaces 

5n  the  retl  Iwckgronnd  a.<  pathological.  Such  an  error  may 
be  guarded  against  by  ohsorving  the  differences  of  I'orni  of  these 
I'.clark  intervascular  spaces  dependent  upon  their  poeitioa  in  the 
'fundus,  and  the  uuiformity  with  which  this  peculiar  pigmentation 
is  difftiscti  over  the  fundus. 

If^  on  the  contrary,  the  vessels  and  intervascular  spaces  of  the 
choroid  be  much  more  di^stinct  at  certain  places  than  at  others, 
there  is  reason  to  assume  thai  there  is  a  local  loss  (ff  pigment  in 
the  epithelium  at  those  places  where  the  choroidal  stroma  is  most 
apparent. 

Of  course,  from  pathological  causes,  the  epithelium  over  a 
qlfti^e  portion  of  the  choroid  may  lose  its  pigment,  and  present 
thereby  the  alM)ve  mentioned  ophthalmoscopic  picture.  If  simul- 
taneously there  exist  other  changes,  for  instance,  pigmentjition 
of  the  retina,  there  can  be  no  doubt  concerning  the  process.  In 
the  absence  of  other  visible  choroidal  changes,  the  only  circiim- 
'8tauoe  to  indicate  that  tlits  is  a  puthol<:>gienl  discoloration  of  the 
choroidal  epithelium  is  that  this  ophthalmoscopic  jiicture  is  rela- 
■tively  frequently  observed  in  connection  with  certain  pathologjf^il 
s,  for  in.slance,  with  a  pi-otracted  increase  of  the  intraocular 
Bure  in  dai'kly  pigmented  eyes. 


DISEASES  or  THE  CliOROIl). 


HvpEa.KMiA  of  the  clioroitl  frequently  occurs  iu  connection 
with  inflammatory  processes  in  the  vascular  coat  of  the  eye,  mid 
j>r«bably  also  as  an  indeiK-iKlciit  chronic,  condition.  This  comlition, 
however,  cannot  l)e  <.liagno.slicat<;«l  with  any  certainty.  The  distinct- 
ness with  which  the  choroidal  vessels  are  seen  ophthalmoscopically, 
as  well  as  the  color  of  thn  fundus  of  the  eye  in  general,  <lejifnJs 
.upKii  the  color  and  t^uiiutily  uf  the  pigment  IxHh  in  the  chon:)idal 
epithelium  an<i  in  its  stmnia,  and  aside  from  tliifi,  upon  the  intensity 
of  thf  ophthalmoscopic  illumination,  which,  iLsiistiming  an  unvniy- 
injj;  soiu'ce  of  light  and  conipletc  transparency  of  the  refracting 
media,  de|>eiids  principally  upon  tlie  size  of  the  pupil.  The  pos- 
sible combinations  of  :dl  these  factors  are  too  numerous  to  admit 
the  ]H)S8ibility  of  detenniiiing  from  the  ophthalmaswpic  appear- 
ance of  the  choroid  whether  it  contains  more  or  less  than  the 
normal  quantity  of  blood.  The  appearance  of  the  optic  disc  fur- 
nishes a  more  reliable  criterion,  its  incrca.se<l  redness  indicating  a 
collateral  hypcneuiia,  but  even  from  thli?  a]>pHinuice  no  certain 
conclusion  can  be  drawn. 

Hypencmia  nf  the  choroid,  therefore,  irt  a  (condition  which  can- 
not be  al>9oluteIy  d^^iu'mstratctl,  but  whose  existence  or  al>scnoe  is 
rather  to  \ye  iiiferre*!  from  thecircumstancesof  each  particular  case. 


CYCt.iriH. 

It  can  be  easily  undei-stood  from  the  continuity  of  tissue  in  the 
iris,  ciliary  body,  and  choroid  that  the  inflammatory  proL-esses  in 
these  three  [xirlions  of  the  vascidar  coal  cannot  be  shar]>ly  defined 
one  from  another.  Opacities  of  the  vitreous  frequently  remain 
after  iritis,  proving  that  the  inflanunntion  was  by  no  means  limited 
to  the  iris.  On  the  iither  hand,  we  oljserve  ophthalmosciipirally 
acute  choroiditis  in  coiincciton  with  iritis;  or  an  iritiy  is  grad- 
ually developed  in  the  course  nf  a  chronic  choroiditis. 

We  must  certainly  assume  that  the  extension  of  such  an  in- 
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flaoimatory  prooess  ie  throagh  the  ciliary  boHy,  V>ut  it  is  only 
ueldom  that  the  changes  witliin  tliis  part  are  so  eoii-siilcrnblo,  nnd 
the  symptoms*  to  he  referred!  tr*  tliiH  fimiplifation  so  de<'itle<l,  as 
those  de8cril)ed  upon  page  344  as  characteristic  of  irido-cj'clitis. 

There  is  still  j^reaier  diffitiulty  in  recog:nizing  uii  inlluniinntiori 
which  begins  in  the  ciliary  Uody,  for  this  |)art  can  neither  he  seen 
directly  nor  with  the  ophthalmorfcope,  and  the  teiiderness  upon 
pressure  is  not  an  absolutelv  relial^k*  jiyuifvtom.  Il",  however,  we 
observe  severe  pain,  with  deciiied  hy|*eneniia  rd'  the  subconjunc- 
tival vessels  at  the  margin  of  the  cornea,  without  any  visible  oor- 
re*]wnding  changes  in  (lie  iris,  while  after  the  lapse  of  an  acute 
iuflaiuraatory  period,  opacities  are  visible  in  the  anterior  [lortion 
of  the  vitreoDH  body,  wc  are  certainly  jnstifiad  in  regarding  the 
pHK-crts  as  cyclitis.     Frequently  iritis  comes  on  at  a  later  stage. 

In  another  cUl*;  of  cases,  after  there  have  been  for  some  days 
mo<Jemte  photo]>hi>l>ia,  \rd'u\  when  using  the  eyes,  an  inclination  to 
deep  subconjunctival  hypenemia,  and  disturlwince  of  vision,  dwe 
to  slight  opacity  of  the  vitreous,  tliere  develojis  a  small  hypopion, 
wlucli  must  be  regardeil  as  coming  from  the  ciliary  body,  since 
there  is  no  apparent  disease  of  the  cornea  or  iris.  In  its  further 
coui'se  this  liypopion  generally  disappears  and  reappears  re|>entedly, 
while  the  opacities  of  the  vitreous  increase  ami  vision  greatly 
diminishes. 

Both  forms  of  cyclitis  are  very  rare.  They  may  occur  without 
any  apparent  caiwe. 

The  fact  that  the  diseases  of  the  uveal  tract  arc  not  sharply 
detinwl,  but  pass  one  into  another,  is  well  illustrated  liy  those 
inflammations  of  the  eye  which  occur  as  sajuelaj  of  recurrent  fever. 
The  most  recent  observers  agree  as  to  their  essential  nature,  but 
some  dcscrilw  them  as  irido-choroiditJs,  some  as  cyclitis. 

The  «is«!s  wliich  were  observwl  during  an  epidemic  of  recur- 
rent fever  in  the  Charitf*  Hospital  in  Berlin,  (H-curred  nuistly  after 
the  second  or  thir^l  attack  of  fever,  which  then  geivei-ally  prove<l 
the  last.  Nearly  half  the  f«ses  were  simple  unllatcnil  iritis  itf  a 
moderate  grade.  AlK>nt  one-third  nf  tlui  patients  prcsiMittnl  diffuse 
punctiform  or  flowulent  flfiatiiig  o|»acitics  of  the  vitreous,  without 
any  trace  of  iritis,  and  without  any  external  symptoms  of  disease, 
while  the  remainder  of  the  cases  prescntetl  iritis  with  opacities  of 
the  vitreous.     In  the  great  majority  of  cases  only  one  eye  was 


CHOBOmiTIS. 

afTedccl.  On  tlie  wlinle,  the  disease  ran  a  very  mild  course.  Tlie 
external  symptoms  of  inflammation  were  moderate,  and  only  ex- 
ceptionally was  tliere  any  chemotic  swelling  of  the  cfmjunc-tiva. 
The  treatment  vfoa  limited  to  the  use  of  atropine,  except  in  tlie 
oases  where  dense  opacities  of  the  vitreous  existed,  when  iwlide 
of  potassium  and  diuretics  were  resorted  to.  Of  course,  as  the 
patients  were  greatly  reduced,  a  nutritious  diet  was  providwl. 

Other  epidemics  of  recurrent  fever  appear  to  be  followed  hy 
more  severe  distsise  of  the  eyes.  The  objective  symptoms  are 
great  hypenemia  at  the  margin  of  the  cornea,  chemotic  swelling 
of  the  conjunctiva,  fine  punctiform  dejiosits  upon  the  pc»steri«r 
wall  of  the  cornea,  hyjHipion,  dense  opacity  of  the  vitreous,  and 
frequently  an  abnormal  softness  of  the  eye.  Slight  amblyopia, 
with  posterior  polar  catJiract  or  opacities  of  the  vitreous,  or  with 
changes  iu  the  pigment  of  the  anterior  portion  of  the  choroid,  has 
been  oliserved  to  remain  behind.  Blindness  rarely  ensues,  and 
when  it  does,  is  a  consequence  of  iritis  with  nnnnlar  aflhesion  of 
the  margin  of  the  pupil  or  of  detachment  of  the  retina,  or  ex- 
ceptionally of  suppuration  of  the  cornea. 

We  have  here  a  form  of  disease  whose  etiology  is  very  clearly 
definetl,  and  which  aifccts  the  uveal  tract,  but  it  localizes  itself 
eonietimes  ou  one  jiortion  and  sometimes  on  another,  and  the 
degree  of  its  intensity  varies  greatly. 

CHOROIDITIS. 

Purulent  choroiditis  is  the  most  severe  form  of  choroidal  in- 
flaniniatinn.  It  genenilly  Involves  the  entire  eye,  «nd  the  name 
panophthalmitis,  tlierefore,  welt  describes  this  condition. 

The  lids  are  swollen  and  reddened,  the  entire  conjunctiva  is  in- 
6ltrat«l,  tlitre  is  a  purulent  secretion  in  the  conjunctival  sac,  the 
cornea  is  clouded,  the  iris  discolored  and  lulhtirEut  to  the  ca[>sule 
of  the  lens,  the  aqueous  humor  is  clouded,  and  often  contains 
flocculcnt  coagula  or  a  copious  purtdent  sediment.  In  conse- 
qiientjc  of  the  swelling  of  the  orbital  tissues,  the  eye  is  ])rominent 
and  its  movements  are  difficult.  Vision  is  in  a  short  time  com- 
pletely lost  or  rwliiced  to  a  slight  perception  of  light.  From  the 
very  first  there  are  generally  severe  pains,  which  may  last  during 
tlie  whole  course  of  the  disease  ;  in  some  cases,  however,  the  paiu 
is  very  slight. 
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The  disease  is  frequently  aocompauied  by  vomiting,  and  in 
severe  t-ases  by  fever. 

The  piLs  aCT'umulated  within  the  eyeball  generally  brcuk» 
through.  This  occurs  in  the  eornea  when  that  has  likewise  been 
destroyetl  by  suppuration,  or  when  the  coniea  remains  intact  the 
rupture  is  in  the  sflera.  In  mihier  ciises,  in  which  the  pufs  does 
not  break  through,  tliere  follow,  with  all  tlie  signs  of  chronic 
irido-ehoroi<litis,  an  ojiacity  of  the  lens  and  more  or  less  atrophy 
of  the  eyeball. 

The  disease  is  most  frequently  of  traumatic  origin,  being  caused 
by  wounds,  «nrr>rtunate  operations,  foreign  bodies  in  the  eye,  etc. 
The  same  result  may  be  raustxl  by  ulcemtiou  of  the  cornea,  with 
prolapse  and  purulent  intianimation  of  the  iris. 

A  very  slight  provocation  nmy  excite  a  purulent  choroiditis  in 
an  eye  already  sutJei-ing  from  a  chronic  internal  inflammatory 
trouble,  such  as  choroiditis  or  retinal  detichment,  or  (he  pres- 
ence of  a  cysticercus. 

Embolism  is  another  very  noticeable  cause.  It  occurs  most 
frequently  in  puerj>eral  diseases,  but  anything  which  i^uscs  em- 
bolism may  also  induce  purulent  choroiditis.  It  is  remarkable 
that  iu  the  choroiditis  causetl  by  embolism,  at  least  iu  the  pucrponil 
form,  it  sometimes  hapi>ens  that  both  eyes  are  aUecteil,  one  shortly 
after  the  other. 

Anatomically,  the  condition  is  one  of  hemorrhagic  purulent 
inflammation. 

The  pus-oorpuscles  iu  the  stroma  of  the  choroid  are  at  first 
always  most  numerous  in  the  immediate  neighborhood  of  the 
chorio-capillaris;  if  the  suppuration  be  more  j)rofuse,  the  entire 
stroma  becomes  filled  with  corpuscles,  between  wliicli  the  branch- 
ing pigment  cells  are  crowded  together  iu  parallel  anustomasing 
lines.  Iu  umuy  cases  the  choroidal  stroma  is  greatly  thickened 
by  the  inflammatory  exudate  and  its  inner  surface  thrown  into 
irregtdar  prominences. 

The  pigmented  stroma  cells  mostly  remain  unchanged;  still 
they  sometimes  undergo  fatty  degeneration  and  loss  of  color. 

The  pigment  epithelium  may  remain  normal,  or  may  suffer 
changes  in  spots  or  in  its  entire  extent.  These  changes  affect 
partly  the  form  and  partly  the  pigment  of  the  cells.  In  conse- 
quence of  their  growth  and  segmentation,  the  cells  a.<isume  an 
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irrfgular  form,  nnrl  tlieir  proliferation  may  become  exoeeaive. 
Fatty  degeneration  of  the  |)i^tueiit  epitlioliiini  and  its  detuchoient 
from  the  surface  of  the  choroid  may  aUo  otvur. 

The  ciliary  body  and  Iris  partieip.ite  early  in  the  inflammatory 
pnK«SR,  whioh  at  a  Inter  stage  a.s.stitno-s  a  piiruk'tit  rliai-arter. 

The  retina  soon  becomes  involved.  H.  Meckel*  diagnosed  ou 
the  siHM)nd  day  of  the  inflammation  a  complete  softening  of  the 
retiim  in  those  portions  lying  ovlt  the  inflaine<l  parts  of  the 
choroid.  Ijatcr  therL-  was  hemorrhagic  purulent  retinitis  near  the 
0]>tic  nerve  and  macula  lutea,  with  here  and  there  fast  arlhesioDS 
between  the  retina  and  the  ehoroi<l,raitsed  by  a  fibrinous  exudate, 
and  at  other  places  etrcumseribwl  detadmie!it>5  of  the  retina,  caused 
by  a  bloody  serous  fluid.  From  my  own  investigations,  I  can  al^ 
atfirin  tlie  owurrencc  of  lu'inorrliagic  purulent  retinitis  as  a  con- 
sequence of  pnrulfnt  ch4)n>iditiH.  Still,  it  should  Ixi  remarked 
that  in  the  puerperal  forms  which  were  examinwl  by  Meckel  the 
retinitis  may  be  caused  by  siniultaneoiis  emlrolism  of  the  rctimd 
vessels,  as  some  eases  of  Virehim'y  liave  prove<l.t 

At  a  later  stage,  total  detaehnieut  of  the  retina  generally  fol- 
lows, and  the  exudate  collected  between  the  retina  and  the  choroid 
is  then  frejjueutly  also  of  a  purulent  character. 

H.  Meckel  found  in  tlie  vitreon.^.  pa^r-corpuscles  and  prolifera- 
tion of  the  cells.  The  cloudiness  of  the  vitreous  ol>serve*l  wheo 
the  disease  has  been  of  a  few  days'  duratioti,  :»nd  which  appi-nr^ 
to  consist  of  fine  granule?  and  counties.'*  iiiterlaeing  Hbrea,  he 
regarded  as  post-mortem  coagnla  ;  and  prol)ably  he  is  right. 

The  sclerotic,  aside  from  ?'light  hemorrhages  upon  its  inner  or 
its  outer  surface,  is  at  first  unehange<l ;  later,  however,  it  bett)mes 
thickened.  H.  ^Sleckel  observed  a  thickening  as  early  as  the 
eleventh  day  of  tlie  choroiditis. 

When  panoplulialmitis  is  once  established,  its  course  cannot  be 
checked.  The  object  of  the  treatment,  therefore,  is  simply  to 
make  the  condition  endurable,  and  to  soothe  the  pain.  Opiati-s, 
injections  of  morphine  into  the  temple,  and  warm  cataplasms  U|M»n 
the  eye  are  the  most  useful  remedic*. 

There  Is  a  special  interest  attached  to  a  certain  form  of  iridi>- 


*  Annalen  iler  Cbarit^Krankenhausey,  6.  v.  pne*  276. 

f  Arcb.  f.  path.  Anal.,  B.  x.  png.  181 ;  Gesammcltf  Abhnndl.,  pni[.  710. 
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«lioroidit)s  on  account  of  its  connection  with  meningitis.  It  gen- 
erally occurs  diirinp:  the  first  tiays  or  weeks  of  that  iJiseiLse.  It 
fis  in  connc(!tioii  with  ujrebro-s|>inal  iiieniagitiH*  tliat  thifi  sad 
Oomplicution  most  frer[uent!y  occurs.  Iritis  develops  with  symp- 
toms of  irritation,  which  nonictinies  are  at  first  slight,  hut  often 
we  severe  from  the  beginning.  Adhesion  of  tlie  margin  of  the 
|>upil  to  the  lens  immediately  occurs,  with  its  usual  ein sequences, 
such  as  the  driving  forwanl  r)f  the  iHTijtheri'  of  the  iris,  etc. 
There  is  fretjuently  an  exudate  in  the  pupil,  or  there  is  hypopion. 
An  early  infiltration  of  the  vitreous  body  causes,  when  the  pu]>i] 
IS  still  transparent,  a  bright  reflex  from  the  fundus.  Detachment 
of  the  retina  and  atrophy  of  the  eyuball  are  tlje  usual  reKuits.  It 
is  very  seldom  that  the  disease  runs  ita  course  without  decided 
injury  to  vision,  and  without  having  slight  adhe>;ions. 

Xeuro-retinitis,  |>aralysis  of  the  <H'ular  muscles,  and  amblyopia 
may  also  l>e  mentioned  as  ecjusequences  of  meningitis. 

The  connection  between  meningitis  and  the  diseases  of  the  eye 

may,  with  the  greatest  probability,   Ijl'  ox|ihiined   by  the  direct 

c«jnnection   which   Schwallwf   has  sfiown    t^j   exist    between    the 

rachnoidal  lymph-space  and  the  lymph-spaces  of  the  eye. 

['      Acute  irido-choroiditis  is  often  the  c<nisc.f)iK'nce  of  an  injury. 

t  Traumatic  choroiditis,  s(M)uer  or  later,  generally  assumes  the  char- 

keterof  panophthalmitis;  bat  frequently,  with  all  the  symptoms 

of  a  severe   iritip,   (here  follow  dense  opacity  of  the   vitreous, 

detachment  of  the  retina,  and  atrophy  of  the  eyeball. 

Acute  irido-choroiditis,  occurring  without  any  apparent  cause 
in  hitherto  healthy  eyes,  is  exceedingly  rare.  In  addition  to  the 
signs  of  a  severe  acute  iritis,  with  or  without  purutent  and  tibriu- 
ous  exudations  in  the  anterior  chamber,  there  appears  a  4litfu9e 
or  flocculent  clouding  of  the  vitreous,  with  (Hinsiderablc  dirni- 
nntinn  of  vision.  The  usual  treatment  is  by  strong  antiphlogis- 
tics  and  rapid  rnercurlalization.     Dobrowolski|  observed  in  two 


•  SnloTiinn,  Bprl.  klin.  WniWnwhrifl:,  I8fi4,  No.  83;  Knnpp,  CentnilWatt 
far  die  incJ  WisscD«-ii.,  I8G0,  No.  Uli:  Krcittnoier,  AGrlzUoliL's  Iiitflligeiiz- 
Malt  rVir  Bav^rn,  tsn/i,  No^.  21  utirl  22;  Jo».  Jw..bi.  Arcli.  f.  Oplitli.,  B.  xi. 
8,  i>Mg.  1&7 ;  Schirmer,  Klin.  Muniit»l»l.  f.  Augt-nhcilk.,  1865,  pftg.  275. 

f  Uniursuchungen  Ob«r  dte  LymphlMlinen  des  Auges,  31.  Schultse's  Arch., 
B.  vi.  1870. 
'   I  Klin.  Monat*bl.,  18C8,  pdg.  239. 
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8iieli  discs  a  good  effect  froni  rcpeateil  puncture  of  tlie  anterior 
chamber. 

Just  as  chroiiio  irido-choroitlitis  may  follow  iritiH  with  annular 
adhesion  of  the  margin  of  tho  pupil)  so,  too,  the  opposite  procac 
may  take  place, — tliat  is,  iritis  may  supervene  upou  chronic  cho- 
roiditis. 

If  such  blind  or  nearly  blinii  eyes  be  the  seat  of  severe  pain, 
a  J  to  1  |)er  cent,  solution  of  morphine  dropped  into  them  givee 
oflen  great  relief.  The  immefliate  local  effect  of  morphine  is,  it 
is  true,  irritating ;  but  tliis  soon  passes  away. 

Long-pei-sisting  irido-clwroiditls  may  cause  calcifit:ation  of  llie 
lens,  or  extensive  calcareous  tlepasits  ou  the  surface  of  the  choroid, 
or  an  irregular  thickeiiiug  or  ossification  of  the  lamina  vitrei. 
Tlie  now-formed  osseous  tissue  generally  develops  between  the 
choroid  and  tlic  retina.  It  is  only  exceptionally  that  the  forma- 
tion of  bone  occurs  in  tlie  stroma  of  the  clioroid. 

These  new-formed  bony  shells  are  generally  thickest  at  the  pos- 
terior part  of  the  choroid,  where  they  surround  the  optic  disc,  aiid 
ai-e  penetrated  by  the  detached,  stretclied,  and  distorted  retina. 
There  is  always  total  detachment  of  the  retina^  and  generally  also 
atrophy  of  the  eyelmll.  Fre<inently  the  bony  shell  extends  so  far 
forward  that  it  may  be  recognized  by  jmlpation. 

The  ossidcation  generally  excites  a  continual  irritatioa,  with 
very  painful  exacorlwitioiia ;  indeed,  it  may  even  give  rise  to  syra- 
puthetie  uff'uctiou  of  the  other  eye.  The  enucleation  of  the  eye 
is  therefore  indicatetl  as  soon  as  symptoms  occur  which  give  reason 
to  fear  this  complication. 

Another  class  of  cases,  partly  on  account  of  the  very  slight 
external  visible  changes,  and  partly  ou  account  of  the  uphthalmo- 
scnjilc  apju^nrancx-s,  arc  characterize*!  as  acute  choroiditis.  There 
are  deep  pericorneal  injection,  hypercemia  of  the  iris  or  slight  iritis, 
frequently  also  punctated  oimcities  on  the  inner  surface  of  the 
membrane  of  Descemet,  and  in  some  cases  deep-seated  pain  in 
tlie  eye;  all  indicating  tliat  the  entire  vascular  coat  participates  in 
the  inflamniaLory  process. 

The  actual  centre  of  inHainmution  is  generally  in  the  posterior 
part  of  tlie  choroid.  Frequently,  eircumscribe*!,  whitish  masses 
of  exudate  may  be  observeil  there,  hiding  the  choroid,  and  ele- 
vating slightly  above  the  surlace  of  the  surn^unding  parts  the 
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retinal  vessels  wliicli  run  over  them.  At  a  later  pericxl  black 
pig:ment  s|H>ts  fre(|iieutly  ilevelop  upon  this  exudate.  Generally 
there  is  a  dense  clouding  ol"  tl^c  vitreutis  from  the  very  beginning. 
This  may  diminish  in  the  course  of  time,  or  the  condition  may 
become  uue  oC  chronic  iuHantmation,  even  becoming  complicated 
with  «itimct. 

In  another  class  of  cases  the  choroidal  exudate  seems  rather  to 
be  of  a  serous  character,  and  to  cause  iin  infiltration  of  the  retina. 

At  first  a  somewhat  distinct  whitish  o[)acity  of  the  retina  is 
observed.  It  appears  to  l»e  mo<?tly  in  the  external  layers,  since 
the  fine  retinal  vessels  can  l)e  seen  sharply  define*!  against  this 
bright  background,  although  at  places  the  larger  vessels  also 
ap|>ear  to  be  hidden  by  slightly  cloudeil  retinal  8ul>stance.  A 
swelling  of  the  intraotMilar  extremity  of  the  optic  nerve  may  at 
the  same  time  occur,  and  is  all  the  more  likely  to  give  rise  to  an 
error  in  diagnosis  fmin  the  fact  that  at  this  stage  the  opacity  of 
the  retina  preventa  the  examination  of  the  choroid.  But  in  the 
course  of  a  few  weeks,  as  the  retina  clears  up,  the  chrvrnidul 
changes,  which  ctmsist  partly  in  discoloration  of  the  pigment 
epithelinm  and  partly  in  the  formation  of  <lark  ]>igment  patches, 
betwme  visible.  The  principal  setit  of  tlicst-  cbiirigis  is  in  the 
neighborhood  of  the  optic  ner%'e  and  macula  lutea;  still,  they 
appear  also  in  tlie  equatorial  [ynTls  of  the  choroid.  0|>acities  of 
the  vitreous  genemlly  do  not  exist,  or  are  very  slight. 

This  serous  infiUration  always  causes  a  decided  torpor  retina?; 
that  is,  retinal  iniiigcs  can  In*  jxTceivc*!  only  by  verv'  intense  illu- 
mination, while  as  the  illumination  is  diminished  there  otxjurs  a 
disproportionate  diiiitnutioii  of  retinal  sensitiveness.  This  torpor 
18  generally  most  decided  in  the  pt'riphery  of  the  retina,  so  that  as 
the  illumination  diminishes  a  rapid  contraction  of  the  visual  field 
occurs. 

Serons  infiUration  of  the  macula  lutea  always  causes  a  consid- 
erable diminution  of  vision. 


Many  coees  of  choroiditis  run  their  ct>urse  without  giving  rise 
to  any  external  symptoms  of  inflammation,  and  can  therefore  be 
recognize*!  only  by  oplitlmlniost^pic  examination.  The  diagnosis 
is  baiae<l  in  all  citses  up()n  the  changes  visible  in  the  choroidal  pig- 
ment; but  it  must  be  remembcretl,  on  the  one  hand,  tlmt  by  no 
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means  all  visible  choroidal  changes  are  of  intlammatory  origin, 
and,  on  the  other,  that  choroiditis  may  run  its  coarse  without 
having  noticeahle  tracer  in  this  iiifinbrane. 

In  one  class  of  cases  these  pigment  clianges  are  uniformly  diasem- 
iimted  over  the  entire  choroid,  or  over  a  large  region  of  it ;  another 
class  presents  tlie  peculiurity  that  a  number  of  variously  shaped 
and  very  variously  coh)re<l  sjwts  lie  scattered,  island-like,  U])on  an 
otherwise  normally  ap[>eariug  choroid  (choroiditis  diBsemiuata). 

The  form  of  these  s|)ot8  is  generally  roundish  or  oval.  They 
ore  generally  tionsiderably  smaller  than  the  optic  disc;  still,  larger 
ones  do  occur,  or  several  sucli  spots  may  run  together,  forming 
large,  irregular  figums. 

Tlie  colors  presented  by  these  patches  are  principally  black, 
white,  and  light  red.  The  black  is  due  to  a  hy[)ertrophy  of  the 
pigmented  epithelial  cells.  The  cells  may  retain  their  normal 
form,  ur  may  assume  a  roun<lish  shape;  tliey  noay  accumulate  ia 
great  numbers,  forming  dark  hillocks;  the  epithelium  surround- 
ing them  is  often  quite  normal,  in  other  cases  poor  in  pigment 
The  pigment  may  gradually  disappear  from  the  centre  of  these 
dark  lullocks,  so  that  they  present  a  bright  spot  surrounded  by  s 
black  margin,  l^t^tly,  tho  proliferating  epithelial  cells  may  ivv^ume 
a  sj>iiidle-shaped  form,  and  oiten  show  a  tendency  to  a  reticulated 
arrangement,  by  which  piHjcess  a  delicate  black  net-work  is  formed. 
It  is  noticeable,  moreover,  that  wherever  the  choroidal  epithelium 
bounds  a  sharply  defined  change  of  level  in  the  choroid  it  shows 
a  great  tendency  to  become  blacker.  Accordingly,  both  circum- 
scribed elevations,  such  as  theirregular  thickenings  of  the  lamina 
vitrea,  and  sharply  defined  depressions,  such  as  small  posterior 
ectasiae  in  myopia,  frequently  appear  surrounded  by  a  circle  of 
coal-black  epithelinm. 

\Vithin  the  limits  of  the  briglit-red  spots  tlie  choroidal  stroma 
can  r»omctimes  bo  recognized  as  unchange<l,iind  sometimes  more  or 
less  atropliied.  These  spots,  therefore,  are  probably  caused  by  a  \oes 
of  c()lor  in  the  pigment  epithelium.  The  raorp  advanced  the  atro- 
phy of  the  choroid,  the  brighter  do  tliese  spots  become,  so  that 
often  only  a  few  choroidal  vessels  can  Ire  seen  running  across  the 
white  background  of  the  sclera.  Such  spots,  caused  by  a  circum- 
scril>ed  atrophy  of  the  choroid,  can  generally  be  recognized  as  de- 
pressions in  it«  surface,  and  may  either  lie  sharply  b(mn(hH]  by  the 
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normal  choroid,  or,  at  certain  parts  of  their  circumference,  pa» 
over  gradually  into  iioraial  tissue. 

Stich  l>right  sfMits,  wliether  caused  by  ativiphy  or  by  other 
chauges,  are  frequently  surrounded  by  a  bortler  of  blai'k  pigment, 
or  tlieir  surfacfs  present  blaoU,  piguieiitetl,  Iri'egular  figures. 

The  anatomical  changes  which  uppear  as  white  spots  in  the 
clioroid  are,  however,  the  most  diverse.  They  are  sometimes  due 
to  the  alKive  described  atrophy  of  the  choroidal  stroma,  sometimes 
to  flat,  brlght-oilored  layers  of  exudate  upon  the  inner  surface  of 
tlic  choroid,  sometimes  to  oircumseribcd  growtlis  of  cell  elements 
in  t}ie  choroidal  stroma,  and  sometimeii  to  fatty  degeneration  of 
the  pigment  epithelial  cells  «ir  of  the  tiells  of  the  stroma. 

Frequently  very  |>eculiar  chjuiges  of  the  choroidal  epithelium 
occur  in  a  diisseminated  form.  For  instance,  in  a  c&se  of  total 
detachment  of  the  retina,  caused  by  a  sarcomatous  choroidal  tumor 
at  the  equator  of  the  eye!>all,  I  fouml  a  punctateil  oundition  of  the 
choroid,  which  dc[>ended  upun  the  fact  that  the  choroidal  epithe- 
lium, forced  by  an  amurphims  rin>le<'ular  mass  alM)ve  the  ]>)ane  of 
the  hyaline  membnine,  fonneil  numerous  flat  pi-omiuenccs.  Over 
the  entire  extent  of  those  parts  of  the  choroid  thus  clianged,  and 
al)ove  the  pigmented  epithelium,  was  a  hvaline,  stnu'tui'oless  mass, 
which  in  many  places  projected  in  irregular  sliujuis  above  the 
plane  of  the  epithelial  layer,  and,  when  ol)ser\'efI  from  its  surface, 
presented  a  pwndiar  glistening  appearance. 

The  jMitholo^ical  processes  to  which  this  disseminated  choroiditis 
is  due  are  only  im]>erfectly  known,  as  the  opimrtunity  very  rarely 
occurs  to  examine  such  eyes  sumtomieally.  As  yet,  only  the  fol- 
lowing anatomical  apiicar.inces  have  been  observed: 

There  develop  in  the  chui*oidal  stroma  disseminated  nodules, 
composed  of  small  uon-pigmentetl  cells  or  nucleiiied  fibres,  which 
at  u  later  stage  undergtj  ciaitricial  contnu'tiun.  The  surface  of  the 
nodules  is,  at  rtrst,  covered  with  coal-blju^k  epithelium.  The  pig- 
mented epithelium  gradually  disappears  from  the  centre  of  these 
black  sjM>Ls,  having  thus  a  bright  s|K)t  surrounded  by  a  black 
border.     The  retina  at  these  places  is  adhen^nt  and  atrophied.* 

At  circumscribed  points   there  occurs  a  proliferation  of  the 

*  Wedl,  Atlu  der  putbol.  Anat.  des  Au}^,  IrU  und  Chorotdeu  v.,  Fig.  £4. 
Und  &5;  Forstcr,  0|>hthalmol.  Bcitnige,  Berlin,  18G2,  Cboroiditis  ureulaHs. 
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pigment  epitlu'liiim,  whi<'h  penetnites  the  external  and  sonaeiim«s 

even  the  ititonial  granular  lavor.  The  new-torinod  cells  are  Dcra- 
pigmeiittHl,  The  rt'liiial  ek'iuonlB  in  the  affec'UMi  jihicee  are  tvim- 
pictely  destroyed,  though  they  may  remain  normal  in  the  immediate 
netglihorhofxl.* 

An  inHaninmtorv  (trtM-esfs  in  (he  txternal  hiyers  of  the  ret-ina 
may  likewise  produce  the  oplithaltna-seopic  appearances  of  a  ili*- 
serninatttl  eliorniilitiy.f 

The  peripheral  extremities  of  the  radial  fibres  of  the  retina  are 
thickened  and  len^henwl,  are  crowded  against  the  inner  surface 
of  the  elioroid,  become  bout  upon  themselves,  and  to  some  extent 
adherent  to  each  other.  The  pigment  epithelium  of  the  chttntirl 
partly  breaks  down,  while  countless  pigment  molecules  or  even 
entire  oclls  penetrate  tlie  substance  of  the  retina. 

Finally^  mention  should  be  made  of  an  anatomical  prowsi^ 
which  may  furnish  a  similar  ophtlialnioscopic  picture,  natuely, 
the  thickening  of  the  hyaline  membrane.  Flat  or  hemispherical 
elevations  are  found  ujxm  it  analogous  to  those  hyaline  grtnvilie 
whicli  (M't^ur  ujion  the  membrane  of  Descemet,  and  which,  like 
thoec,  are  most  frequent  as  seuile  changes.  But  they  occur  also 
in  young  persons,  aud  in  such  eases  j^ciierally  in  connection  with 
inHamnintory  prtKxisses.  The  size  which  they  may  attain,  ami 
the  changes  of  the  pigmented  choroidal  epithelium  connected 
with  them,  render  them  visible  to  the  nakefl  eye,  or  with  the 
help  of  a  lens,  an<l  aeconhngly  they  must  be  ophthalmoseopi«dly 
visible.  H.  MiiUerJ  has  found  deposited  of  chalk  in  the  eyes  of 
old  people,  jiartly  in  the  thickened  hyaline  membrane  and  partly 
in  the  tissue  of  the  choroid  iUelf,  external  to  the  capillary  layer. 
Some  of  these  de]>osits  have  a  diameter  of  0.5  ntm.,  and  accord- 
ingly must  be  ophtbalmoscopienlly  visible. 

It  is  oidy  seldom  tliat  the  nature  of  these  different  proeessos 
aud  the  changes  Ciiusetl  by  tlieru  «in  be  detcrniine<l  by  their  oph- 
thalmosc(fpic  apiteaninces  or  clinical  history.  In  determining 
the.-'e  ifucf^tions  an  examination  of  tlic  other  parts  of  tlie  eye  is  of 
the  greatest  importauce. 


*  Iwjinnff,  Klin.  Monntibl.,  186I»,  pug.  470. 

t  Kudm-w,  Virchow'B  Arch.,  1869,  B.  ilviii.  png-  -iM;  Iwanoff.  1.  c. 

t  Aixrh.  f.  0|<hth.,  B.  ii.  2,  ]«g.  1. 
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The  vitreous  gcneriilly  ixMiiiiins  olciir;  still,  there  may  he  opuri- 
tie*  iu  it.  The  retina  and  uptJo  tliso  jceuurally  sliow  no  ophthal- 
nuiseopie  changes.  In  many  oases,  however,  the  participation  of 
the  retina  in  the  pathi>ln^ir!il  process  is  shown  in  various  ways, 
])artly  by  pigmentation  along  the  course  of  the  retinal  vessels, 
jKirtly  by  contraction  of  those  vessels,  e.s|>coially  of  the  arteries.  A 
change  in  tJie  optica  nerve  may  [)i'ooeerl  from  the  same  ctuitfies.  It 
loses  its  normal  re(hli?^h  tini^*  as  the  nunterous  tlelimte  vc^ssels  which 
ramify  in  its  intraix-ular  extremity  become  bloodless.  In  this  ct>n- 
dttion  it  presents  exactly  the  appearance  of  atrophic  degeneration. 

The  (listurljances  of  viijioii  de|K'nd  princijKiIly  upon  the  loca- 
tion of  the  dis9eniinate<l  points  of  inllanimation.  They  always 
exercise  a  hurtful  influence  upou  the  retina,  but  so  long  as  only 
a  small  eocentric  part  of  the  visual  field  is  aflt'ecte*!  the  disturb- 
ances are  not  great,  and  areordiiigly  there  may  be  very  considerable 
choroidal  chants  with  relatively  good  vision.  On  the  contrary, 
very  slijj;ht  changes  in  the  region  of  the  macula  lutea  injure  direct 
vision  verj*  seriously.  Althuujtrli  these  forms  are  so  destructive 
to  the  usefulness  of  the  eye,  they  seldom  lead  to  complete  bliud- 
npss,  aft  e«!cntrie  vision  ^jenerally  remains  jrood  iinuujFh  to  enable 
the  |»fltients  to  reeogniKC  their  surroundings. 

A'ision  is  attected  in  a  much  higlier  degree  in  those  CHses  in 
whieh  the  retina  or  the  optic  nerve  is  essentially  involved  in  the 
pathological  process. 

Choroiditis  syphilitica  is  a  special  cliuienl  form  which  should 
be  mentionetl  in  this  place.  It  is  characterized  by  exi^LHUiigly 
BHiall  black,  white,  and  red  s|jots  scattered  in  the  fundus.  It  is 
al\ra_\-8  well  not  to  base  tlie  diagnosis  uj)on  the  ophthalm<>ficopic 
ap|»earances  aloue,  but  to  determine  the  existence  of  syphilis  fi-om 
other  symptoms. 

Iu  ehoroiilitis  disseminata  the  diseased  portions  arc  always 
scsittered  and  sepantte*!  from  one  another  by  nijrnial  tissue.  But 
there  is  another  form  of  choroiditis  which  spreads  uninternipietlly 
over  great  region.^  of  the  choroid.  The  posterior  portion  of  the 
choroid  is  generally  the  part  (liseased,  while  about  the  perij>hery 
there  remains  a  borcler  of  normal  tissue.  Fre<iuently  throughout 
the  entire  fundus,  as  visible  by  the  ophthalmoscope,  no  normal 
re^fion  can  be  seen. 
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The  epithelium  over  a  ^rvi^t  extt-nt  has  lost  its  color  or  has 
absolutely  brokt'n  tiown,  ami  arconlingly  the  stroma  with  its 
vessels  ami  iiitervascular  Bpact's  is  very  distinct,  api)earing  either 
uiichang(-'d  or  more  or  lesis  atrnphieil. 

Frwjueiitly  there  are  in  the  epitlielial  layer»  atrophy,  circum- 
scribetl  proliferation,  and  pi^uierit  I'lmtigcii  of  the  eells,  and  the 
result  is  a  greater  or  le&s  number  of  black,  punctated,  or  irregular 
H]»ot8,  ilark  lines,  and  retioidatcil  *i;;^iire.=.  Frpqiiently  there  are 
aeeumuhitinns  uf  pigment  upon  ilie  retina]  ves-seLs,  with  oontrao 
tioii  of  the  larger  vascular  tnnikH,  and  atrophy  of  tl»e  optic  nerve. 

The  vitreous  may  remain  clear,  but  there  are  more  fre(|Uently 
opacities  in  it,  whirh^  by  their  great  mobility,  show  its  complete 
h'quefaction.  This  same  degenerative  process  may  caune  relaxa- 
tion of  the  zonula  and  luxation  of  the  lens. 

Ai*,  the  maciihi  hitcjt  is  generally  involved,  visi<ai  is  greatly 
interfered  with.     In  many  cases  all  seusation  of  light  is  loflt. 

In  the  treatment  of  choroiditis,  especially  of  those  forms  in 
wliich  the  diagnosis  is  l>ase<l  simpiv  upon  the  ophthalincH^copic 
api>earauces,  the  first  thing  to  be  determined  is  whether  the  in- 
Hammatory  process  is  still  goiug  on  or  has  run  its  eoiirsf.  If 
the  disturbances  of  vision  l)e  but  rctx'ut,  or  if  there  Iw  signs  of 
an  active  inflamnuiition,  sucfi  as  hypenemia  *if  the  ctlian*'  ve&iels 
about  the  margin  of  the  cornea,  or  an  abnormal  reilness  of  the 
intraocular  extremity  of  the  optic  nerve,  an  antiphlogistic  treat- 
ment if;  indiealed.  Bletnling  from  tlie  temple  by  means  of  the 
artificial  leech,  so  much  employed  in  these  cases,  should  be  so 
performed  that  within  a  few  mitmt(*s  from  30  to  50  gnimmes  are 
drawn ;  the  patient  shouhl  then  he  kept  for  at  least  24  liours  in  a 
darkened  room.  If  there  be  no  8|>ecial  contra-indications,  an  en- 
ergetic morcurfal  treatment  should  be  resorted  to,  the  racthcKl  by 
innnelion  In-itig  t'[nploy<'<l  in  <"ases  where  very  threatening  sym|>- 
tonis  render  a  rapid  etiect  desirable.  If  a  slower  action  be  wishc<l, 
corrosive  sublimate  may  be  cmploywl. 

Tlie  sante  treatment  shoukl  Ik;  employed  during  the  inflamma- 
tork'  exacerbations  in  chrf)nic  cases. 

If  it  be  impossible  to  determine  with  (*rtainty  that  the  inflam- 
matory priK'ess  is  yet  g*>ing  on,  it  is  still  lx*st  to  try  once  or  twice 
the  efiW't  of  bleeding;  but  it  should  not  be  repeated  oftcner  if  it 
do  not  appear  to  improve  vision. 
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In  suitable  cases  energetic  cathartitrs,  diapljorotics,  or  iodide  of 
potassium  may  be  einployeil  iiii^tead  ftf  the  nierciirial  treatment. 

Acoonling  to  Von  Graefe,*  repeiitcil  puiicturo  of  the  anterior 
rhamlMir  is  alsti  Iteneficial  in  cases  of  chronic  choroiditis  with 
disease  of  the  vitreous. 

In  all  cases,  even  in  those  where  no  special  treatment  is  indi- 
cated, suitable  ilietetic  rules  shouUl  be  observed,  and  to  guard 
against  relapses  vision  should  be  spared  as  inu<*h  as  possible,  and 
the  eyes  protected  from  all  external  irritation,  from  dazzling  li>rlit, 
etc. 

DETACHMENT  OF  THE  CHOROID. 

In  a  few  ca^esf  the  ophth!ilmosco|K'  has  revealed  in  the  fundus 
of  the  eye  a  number  of  oircuni8cribe<l  prominences,  upon  whose 
surface  the  choroid  as  well  as  the  retina  could  be  seen.  Both 
membranes  had  been  raised  Ingether  from  thf  sclera.  The  color 
and  outlines  of  the  oplithalnioscopie  image  are  determined  by  the 
character  of  the  pigment  in  the  individual  cases,  and  also  by  the 
hemorrhages,  which  are  seen  purtty  in  the  tissue  of  the  choroid 
and  partly  in  the  retina.  In  a  caise  which  I  olwervet!,  the  retina 
itself  upon  the  prominences  wa«»  slightly  pigmented. t 

In  many  aises  the  jmtients  state  that  the  disturbances  of  vision 
connectefl  with  the  condition  came  on  suddenly.  Generally,  how- 
ever, they  develop  gradually,  and  are  always  very  considerable. 

At  a  later  stage  a  partial  or  total  detachment  of  the  retirm 
generally  occurs. 

The  recognition  of  this  condition  ophthalmoscnpically  is  a  great 
rarity,  but  a  sejiuration  nf  the  choroid  from  the  sclera  is  quite 
frequently  fonnd  on  anatomitsil  examination.  Yon  Ammon,^  for 
instance,  descrilx?s  a  case  of  hydrophtliahruis,  in  wliich  tlie  sclera 
was  separated  from  the  choroid  throughout  the  limits  of  a  cir- 
cumscribed sclonil  stafthyloma;  a  thin  layer  of  exudate  covered  a 
great  extent  of  the  remaining  portion  of  the  scleral  surface  of  the 
choroid.     In  the  retina  there  were  no  changes  visible  to  the  naked 


♦  Arch.  f.  Ophth.,  B.  xr.  8,  pag.  1«9. 

f  V.  Gruofc,  Arch.  f.  Ophth.,  B.  iv.  2,  pag.  TIG;  Liebreith,  Arch.  f. 
Ofitaih.f  B.  V.  2,  pag.  26fl ;  Liobreieh,  Atlas  <ler  Opblhalmoscopie,  Taf.  vii., 
Fig.  4. 

I  Vorleeuiiijen  iibiT  ilcri  Gebruuch  ^ba  Aui;t:nspie);eU,  pat;.  122. 

{  ZtiitMthrift  f.  OphOiulmol(jgi«,  1832,  B.  ii.  ]«g.  252. 
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eye.  In  a  case  of  intrmx'iilar  tumor  in  the  region  of  the  ciliiuy 
Ixxly,  Von  Stellwag*  ibutid  a  oii*c» inscribed  siapliylomatoii:-  uj>- 
heaval  of  the  sclera  from  the  choroid.  In  another  cane,  in  wliirli 
there  was  atrophy  of  the  eye  in  fonsequeuoe  of  irido-chonticliti* 
and  detaoiitiK'nt  of  tlie  retina,  the  posterior  part  of  the  ch"n)t(l 
was  raised  from  the  sclera  by  a  yellow  fluid  mixed  with  pigment 
grannies,  and  the  inner  surface  of  this  part  of  the  choroid  vna 
covered  with  a  bony  growth, 

Virchowf  found  in  an  eye  which  had  l»eeii  destroyetl  by  neury- 
paralytic  su[ipuriition  iti'  tlic  cornL-ii,  tlif  elioix)id  dotiiclicd  from  the 
sclera  Uy  an  accumulation  of  thin  purulent  fluid.  Then;  was 
purulent  infiltration  of  the  clioroid,  the  i-etina,  and  the  vitreous. 

In  a  case  of  purulent  r'lioroi<litis  which  I  i'xaininc<l,  the  strnnia 
of  the  choroid  was  so  inrillrated  that  at  plucks  ita  inner  »iurfafti 
projec^ted  in  hemispherical  nuilulen  from  S  to  5  mm.  into  the  cavity 
of  the  eyeball.     There  waa  total  (kitachment  of  the  retina4 

I»  a  case  in  which  there  wcreu  liiit^h  def:^ree  of  amblyopia,  liijue* 
faction  of  the  vitreoUK,  luxation  and  opacity  of  the  lens,  Knap|>§ 
performed  t^itjiract  extraction.  Five  weeks  later  he  enncteate<l  (he 
eye,  becaujjc  in  the  ciliary  region  three  brownish,  hemispherical 
prominences  projeetin*;  into  the  vitreous  could  be  seen,  which 
awakened  the  suspicion  of  a  choroidal  melanosarooma.  The 
anatomical  examination  revealed  an  annular  detachment  of  the 
ciliary  body  and  the  anterior  portion  of  the  choroiil  by  a  clear 
fluid.     There  was  no  retinal  detachment. 

In  irido-thoroiditis  IwanotV[|  lias  rei»eatedly  found  detachment 
of  the  clioroid  fn)ui  the  sclera.  In  general  such  anatomiuU  olj- 
eervatioua  are  so  fi-wjuent  tliat  it  seems  s<?arcely  necessary  to  cite 
particular  eases. 

In  the  tsiiurse  of  acute  or  chronic  choroiditis  exudations  not 
unfrequentiy  occur  by  which  the  choroid  is  wholly  or  partially 
detached  from  the  sclera.  It  is  jwssible  that  the  ophthalm^iscopic 
pictuiv  of  ehuroi<Ial  detachment  is  due  to  a  similar  process;  still, 
this  involves  the  assumption  that  copious  and  circumscril>ed  etfu- 


*  Ophthslmologio,  1866,  B.  il.  I,  ptg.  427  bis  482. 

t  Arch,  f,  Ophlli.,  B.  iii.  2,  pag.  480. 

X  Htiil.,  B.  vi.  2f  pas-  265. 

i  Intrnociilare  G«»c'hwulftt«,  jwg.  194  bis  200. 

(I  Afch.  t  Ophtb.,  B.  xi.  I,  pag.  191,  und  B.  xv.  2,  pni;.  15  bia  46. 
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sions  can  take  place  in  tlic  rlionndiil  stmina  witlinnt  any  appai'^^nt 
inHnmnmtory  .symptoms^  just  as  \^  fr«[iieiitly  tfie  ciifse  in  tletach- 
nicnt  of  the  retina. 


Hemorrhages  iu  ihe  tissau  of  the  clioroid  otx-ur  rather  rarely. 
They  appear  as  red  s\x}ts,  wJiose  extent,  form,  and  color  dciK-nd 
principally  upon  the  f]nantity  of  the  etlnsnl  l)Iond.  If,  as  is  UKiinl, 
the  hemorrhages  be  nut  profuse,  their  ophtlialniorieopie  appearance 
will  Ik' somewhat  uuKJifictl  hy  the  stroma  pigment  scjittered  through 
them,  and  hy  the  epithelial  layer  covering  them.  Sometimes  they 
are  sharply  detincfl,  sometimes  they  lose  theindelves  without  any 
distinct  limits  in  the  elioroithil  stroma.  Spwinlly  chariicteristic  is 
the  fact  that  the  retinal  vessels  run  over  them. 

Wounds,  hriiises,  or  severe  jars  of  the  eye  are  the  most  frequent 
<.Taiises.  Thus,  for  instance,  a  guuslutt  wuiiiid  which  j^rnzes  the 
wall  of  the  orbit  may  cause  copious  hemorrhagic  in  the  tissue  of 
the  choroid  without  any  external  visible  ehange:^  in  the  eye. 

Aside  from  traunuitie  causes,  churoidiil  hennirrhuge  occurs  prin- 
cijially  with  acute  choroiditis.  Ophthalmoscopically,  it  isol>served 
frequently  with  high  degrees  of  myopia,  freijucnily,  loo,  in  eyes 
previously  absolutely  healthy,  and  witliout  any  known  cause. 

The  effect  Uf>on  vision  depenils  leas  upon  tlie  effusion  in  the 
chorv>idaI  strtmia  than  upon  the  concomitant  changes,  fiuch  as 
retinal  hemorrliage-^,  opacities,  or  hemorrliages  into  the  vitreous,  etc. 

The  complications,  too,  modify  the  therapeutic  indications. 

Ruptures  of  the  clioroid  arc  causeti  hy  external  violence,  such 
as  a  blow,  thrust,  or  shot  wounti,  which  either  affefits  the  eye  alone 
or  at  the  same  time  fractures  the  bony  walls  of  tlie  orbit.  The 
rui»ture  almost  always  occurs  near  the  optic  dLsc,  and  generally  in 
the  form  of  a  curve,  with  its  concavity  turne<l  toward  tiie  disc. 
The  oolor  within  the  rupture  is  at  first  not  a  clear  white,  but 
sttnjewhat  yellow,  probubly  because  the  lamina  fusttt  remains  at- 
taehetl  to  the  sclerotic.  Later  the  color  generally  grows  brighter, 
while  the  mui^ins  of  the  rupture  often  grow  dark.  Near  by  are 
generally  small  choroidal  or  retina!  hemorrham?**,  which  in  time 
dis8p|>ear.  There  is  no  a[»piirent  nijjturo  id'  the  retina  or  sclera. 
Fr«|uently  there  is  at  first  traumatic  mydriasis. 

The  result,  as  affects  vision,  depeiwls  upon  the  severity  of  the 
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injury.  In  many  cases  there  i;^  at  the  same  time  considorable 
blinxl  in  the  anterior  cliainl>f;r  or  in  the  vitrwms,  in  conse<|uence 
of  tlie  contusion.  In  other  cases  there  develop  in  the  choroid  in- 
flammatory processes,  which  in  the  acute  Kt«g;c  are  aocorapanietl  bv 
opacities  of  tlic  retina  and  vitreous.  Some  of  the  consequenos 
of  the  contusion  are  transitory  and  admit  of  a  complete  recovery 
of  sipht;  generally,  however,  the  disturlwinces  of  vision  are  very 
givut,  and  though  there  may  V>e  some  improvement  at  first,  it  may 
be  but  temporary,  and  the  condition  may  be  made  still  won*  by 
persifttin;;;  ehoroiditia  or  detachment  of  the  retina,  in  oonsequenoe 
of  i-ontraetion  of  the  choroidal  eitratrix.* 

The  treatment  of  recent  eases  is  Htitiphloglstic  in  proportion  10 
tlie  intensity  of  the  syni]>toms.  There  is  generally  no  treatment 
which  can  Ix'nefit  old  crises. 

Tubercle  of  the  choroid  was  firs^t  demonstrated  anatomically  by 
Manz.f  Later,  a  case  was  rcjwrted  by  Buach.|  Finally,  Cohn- 
heiiu§  showed  that  tul>ercle  of  the  choroid  occurs  almost  constantly 
with  acute  miliary  tuberculosis,  tshnrlly  afterward  the  sulyect 
waa  dificu^ed  by  Von  Graefe  and  Leber  from  Ijoth  a  clinical  anil 
an  anatomical  stand-point.|| 

Generally  both  eyes  are  affected,  but  such  is  not  always  the 
case.  Frequently  there  is  only  a  single  tul>ercle  in  the  choroid, 
but  generally  there  are  several,  aud  in  some  cases  Cohnheim 
counted  more  than  fifty.  If  only  a  few  tul)ero]es  be  present,  they 
are  always  in  the  neighborhood  of  the  optic  disc  and  macula 
lutea;  if  their  number  be  great,  they  are  found  even  on  the 
periphery  of  the  choroid.  They  appear  as  uniform  spherical 
nodules,  sometimes  scarcely  visible  to  the  naked  eye,  but  Imving 
an  average  size  of  from  0,5  to  1  mm.  They  may  even  attain  a 
diameter  of  2.5  nira.  The  smaller  ones  are  coveretl  by  unchanged 
clioroidjil  epithelium,  and  .therefore  cannot  be  seen  until  after  its 
rf;moval. 

But  in  the  case  of  those  having  a  diameter  of  1  mm.  or  more 


^Baemisch,  Klin.  MonaUbl.,  1866,  png.  111. 

t  Arvh.  f.  Uphill.,  B.  iv.  2,  pag.  I'JO,  unt)  B.  ir.  3,  pa(^.  183. 

X  Virchuw'fi  Arch.  f.  path.  Anat.,  B.  xjcxvi.  pug.  448. 

I  Ihiil.,  D.  zxxix. 

II  Arch.  r.  Opbth.,  U.  xiv.  1,  iMg.  188. 
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the  pigment  is  always  lighter,  and  tlie  nociiile  beneath  it  slnmmers 
through,  all  tho  more  distinctly  as  the  tubercle  at  this  time  lo.«es 
it£  ^ray  tranisfmrunt  appuarunt^  in  cxjnsc*|Ut'n('e  of  a  ea-scous  nieta- 
morphtwis  l)egitining  at  its  centre.  The  growth  of  the  nodules  is 
always  forward  toward  the  retina,  so  that  they  very  soon  cause 
slight  prntul)enin(!es  above  thesnrfaee  of  ttiefniidus.  The  hiryest 
of  these  appear,  therefore,  as  prominent  elevations  with  nou-pig- 
menttxl  surface. 

Ophtlialtnoscopically,  they  appear  as  bright,  generjdly  ntsc- 
tintcd  s|H)ts,  whieh  shade  off  without  sharp  Iwundaries  into  the 
noniml  fttlor  of  the  surroiindui^  finnltis.  The  bfark  jtii^nicnted 
border,  so  constant  in  other  similar  clioroidal  changes,  is  wanting, 
and  was  observed  by  Cohnhcim  in  only  a  single  case,  in  which  the 
tni>en'le  had  attaine<!  the  unusual  size  of  2.5  mm.  For  such 
cases  the  well-marketl  caseous  degeneration  and  the  distinct  promi- 
nence of  the  nmlules  furnish  diagnostic  points.  Simuhaneou-ily 
with  tulwrcle  of  tlu- choroid  I  have  several  times  ol)*H;rved  inflam- 
matory changes  in  the  neighboring  part*  of  the  I'etina. 

Tubercle  of  the  choroid  occurs  oftcnest  in  eouneciiou  with 
acute  miliary  tuherculiKsis,  ami  this  fact  is  of  great  importance 
in  the  diagnosis  of  this  disease.  Exoe]>tioiiulIy,  the  choroid  is 
affected  in  forms  otlicr  than  the  acute  miliary  tuberculosis  in 
peases  where  a  great  number  of  diflerent  organs  arc  affected.  lu 
the  ordinary  chronic  pulmonary,  or  putinonary  and  intestinal 
tuberculosis,  or  in  general  where  only  a  few  organs  are  aUecle<l, 
the  choroid  remains  free. 

Choroidal  tnmors  are  all  sarcomatous,  and  with  few  exceptions 
pigmented.  They  arc  of  all  degrees  of  consistency,  from  the 
dense  fibrous  forms  to  pap-like,  almost  fluid  mas.«es.  As  yet 
they  have  not  been  observed  during  childhnod.  lietweeii  the 
^es  of  15  aud  30  years  they  are  rare,  Ijccoming  frcijuent  only  at 
a  more  advanocil  age. 

The  ap]>earances  at  an  early  pertcKl  de|>end,  in  the  tii*st  place, 
upon  the  situation  of  the  tumor.  If  it  Ik^  upon  the  ciliary  IxKiy 
or  tlie  anterior  portion  of  the  choroid,  it  appears  as  a  brownish 
reflecting  prominence,  projecting  into  the  vitre<»us  behind  the  lens. 
The  |>ossible  ernir  under  these  circumstances  of  mistaking  it  for 
a  choroidal  delachnieut  is  avoided  by  ol>serving  that  the  color  is 
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tliHerent  from  that  of  the  normal  choroid,  and  rii  very  vasciiliir 
Rarcomas,  by  the  fart  that  an  irregular  vascular  system  mil  be 
recognizee)  in  tlie  tumor  it.sclf.  During  its  further  development  tlie 
tumor  may  dislodge  the  lens  and  become  visible  in  the  |wriphery 
of  the  antorior  eliainUer. 

If  tlie  tumor  develop  deep  iu  the  fondus  it  can  seldom  be  e«en 
ophtbalmoscopically,  for  it  is  generally  Iiiddeu  by  an  extensive 
retinal  dctarhment.  Some  ruses,  it  is 'true,  have  been  observed 
in  wliii'h  the  tumor  developed  in  the  region  of  the  macula  lul^ 
or  in  the  upi)er  or  lateral  j>ortion  of  the  choroid  witJiout  naj 
retinal  detachment;  or  the  detaehment  remaimxl  eirL'umatiribwi, 
and  by  its  |>eculiar  appearance  awakened  tlie  suspicion  of  its*  real 
nature  ;  sometimes  it  was  possible  to  recognize  the  tumor  and  its 
]>e<*uliar  vascular  system  through  the  detaelieil  retina.*  But  such 
cases  arc  exceptions.  In  tlie  great  majority'  of  cases  there  ix-L-ur^ 
an  early  detachment  of  the  retina. 

The  iliagmwis  is  gcmTillv  not  possible  until  either  the  growing 
tumor  again  reaches  the  p<3riterior  surface  of  the  retina  and  becomes 
visible  through  it,  or  till  glaucomatous  symptoms  appear.  The 
tension  of  the  eye  increases,  tho  pupil  is  dilated  and  rigid,  tJic 
cornea  aniESfchotic,  the  anterior  chamber  j-liallow,  the  subci>njune- 
tival  veins  diluted,  and  scleral  staphyloma  and  optic-nerve  ex- 
cavation devolnpeil.  To  many  cases  glaucomatous  inflammntimi 
appears.  At  liLSt  catamct  comes  on,  and  the  appeai-anre  as  of 
glaii(H)niatoi^s  blinding  is  then  so  dcci<]ed  that  even  in  this  stage 
the  fliagnosis  would  Iw  impossible  if  the  course  of  the  disciise  had 
not  been  ol»serve<l  from  the  beginning. 

Sooner  or  later  the  tumor  grows  beyond  the  limits  of  the 
eyeball,  and,  according  to  circumstances,  in  one  of  three  different 
ways.  Often  at  an  early  period  it  creeps  along  the  optic  nerve. 
Black  pigment  is  infiltrated  into  the  perineurium  posterior  to  the 
lamina  cribrosa.  Its  quantity  increases,  and  it  gradually  extends 
Iwkwai-d  Ijctween  the  nerve  fibres,  distending  the  nerve  and 
pro|v.^^ting  the  disease  into  the  orbit  or  even  into  the  cranial 
cavity. 

Or  an  actual  perforation  oeours,  generally  through  the  margin 
of  the  coruea,  sometimea  through  the  sclerotic.     The  dark  raaas 
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*  Becker,  Arcb.  f.  Augen-  und  Ohrenhcilk.,  B.  i.  2,  pftg.  214. 
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forward  tbroiigh  the  opening  and  spreads  out  as  a  black 

l)?bid  growth,  incline<l  to  heniorrlia|Lce  and  ulocratiou. 
,Or  Bimllvy  black  nodultis  appi'ai-  on  tlit*  outtT  Mirface  of  tlie 
sclerotic,  seldom  in  dwHnct  connection  with  the  iutraiKular  tumor, 
but  apparently  iiuK^peiideiil  j^rowtliy.  Mieroscttpic  examination, 
however,  i^nerally  shows  that  there  is  a  progressive  diseayeof  the 
sclerotic  elements.  Wiien  these  no<]ules  liave  once  appeared,  the 
increase  of  tlie  tumor  within  the  orbit  goes  on  verk'  nipidly. 

Tl»is  course  is  only  occasionally  varie<l  by  the  occurrence  of 
corneal  uloeration  with  consecutive  atrophy  of  tJie  eye  before  the 
ball  lias  become  completely  lillwl  with  the  tumor. 

The  presence  ol'  this  form  oi'  atmphy  may  embiirr.Lsa  the  diag- 
nosis. Tlie  signs  of  an  intruoiMilar  tumor  are  severe  spontaneous 
paroxysms  of  puin  uiid  a  iK-cuIiar  form  of  the  alrophietl  eye.  It 
is  not,  as  under  ordinary  eirenmstanocs,  contracted  in  a  (juite  uni- 
form concentrie  manner,  but  more  in  a  dJretrtion  i'rom  l)ot(ire  Ijack- 
wanl,  as  the  atrophy  Ix^ias  at  a  time  when  the  posterior  portion 
of  the  ball  is  already  filled  by  the  tumor.  In  these  casts,  as  a 
rule,  tlicre  is  genenilly  at  last  a  growth  of  the  tumor  into  the 
orbit,  and  tlic  atrophied  eye  ap|)Gars,  therefore,  less  sunken  than 
in  ordinary  cases  of  atrophy. 

As  soon  as  the  diaguoslt^  of  choroidal  sarcoma  is  made,  or 
when,  in  the  case  of  an  already  blinded  eye,  it  can  be  assumed  as 
highly  prolwihle,  the  enurlention  of  the  eye  is  indicatetl.  If  thej-e 
l>e  a  morbid  growth  in  the  cubit,  the  metluMl  by  {>eri(tsteal  extirpa- 
tion is  preferable  (see  page  200).  It  is  always  a  matter  of  doubt 
up  to  how  latt;  a  time  llie  ojicmtion  will  Iw  uscfnl  in  prolonging 
the  |>atient'&  lite,  for  at  any  stage  of  its  development  the  cho- 
roidal sarcoma  may  be  cfiniplicatcil  by  deposits  in  the  liver,  in 
tlie  nervous  centres,  etc.  Ilcspecting  tlie  relation  of  these  de- 
posits to  the  primary  tumor,  it  cannot  be  determinwl  upon  existing 
data  whether  tliey  actually  dejicnd  up(jn  it  or  are  simply  due  to  a 
common  cause  (dyscrasia).* 


Coloboma  of  the  clioroid  occurs  in  connection  with  congenital 

colol>oma  iridis.    It  is  verj-  rare  without  this  defect  of  development. 

The  defect  is  always  iu  the  lower  portion  of  the  choroid,  and 


*  Von  Gmcfe,  Arch.  f.  Ophth.,  B.  xiv.  2,  pug.  IQS. 
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raav  begin  at  the  optic  disc,  or  Romewliat  above  it,  and  extend  so 
far  downwanl  that  it?<  anterior  limit,  that  tuniLHl  toward  the  iris, 
cannot  l»f  seen  by  ophtliahntiscopic  exainiuation.  As  a  rule,  how- 
ever, the  anterior  limit  in  so  far  behind  the  ora  serratu  that  it  is 
diytinctly  visible.  The  plat-e  of  the  choroidal  defei?t  appears 
whitu,  Ijccause  here  the  solera,  Ix-ing  covered  only  by  transparent 
retinal  tissne  and  slight  traces  of  tbe  choroid,  is  exjxised  to  the 
o[)lillialinu»copie  illnmination.  In  some  crises  remnants  of  pig- 
nientttl  tissue  are  strenxNl  upon  the  white  surface.  More  fre- 
quently there  is  no  trace  of  choroidal  tifwue.  The  veiBela  brancbia|E! 
U[ion  the  bright  surface  of  the  choroid,  and  the  shadows  vwihie 
upon  it,  prove  that  the  suiface  of  thi^i  portion  of  the  sclera  is  ir- 
regularly undulating.  The  margins  of  the  ectasia  are  generally 
characterized  by  a  very  dark  pigmentation  of  the  choroid.  Id 
other  raises  this  pigmentation  oocurn  only  at  places  about  the 
margin,  or  it  forms  a  very  slight  line  al>ont  the  defect. 

The  optic  disc  may  be  nt>rnial,  or  Ik;  more  or  less  changed. 
For  instance,  it  may  present  irr^ular  defirossions,  or  an  unusual 
shajte,  in  consequctieo  of  u  distortion  of  the  uptitvuerve  sheath. 
If  the  optic  disc  l)e  surrounded  by  the  coloboma,  it  may  be  cither 
normal  and  distluctly  defined,  or  it  nmy  l)e  irregular  in  shape 
and  shaile  otf  imperceptibly  int<itlie  surrounding  sclera. 

Xot  infrequently  the  retinal  vessels  spring  in  an  irregular  man- 
ner fVtitn  the  nerve.  In  eases  where  they  reacli  the  coloboma,  and 
where  the  eolobonia  itself  does  not  extend  to  the  disc,  ihe  retiual 
vessels  may  either  pass  around  the  defect,  cuunjing  along  its  border, 
or  they  nv  their  branches  may  pass  into  the  defect.  In  many  casts 
the  parallax,  shows  that  the  retina,  with  its  vessels,  is  stretched 
like  a  bridge  over  the  scleral  ectasia.  In  other  cases  the  rotinn 
follows  all  the  change*  of  level  in  the  coloboma.  Besides  tlie 
retinal  vessels,  there  can  often  be  seen  within  the  defect  a  ntmibej 
of  sinuous  vessels  belonging  to  the  choroid,  the  trunks  of  some 
of  them  peoctratiug  the  sclera. 

Coloboma  of  tlie  choroi«l  occurs  both  bilaterally  and  unilaterally, 
and  in  the  latter  case  geaiernlly  on  the  left  side.  Frequently  tbe 
eye  affected  is  somewhat  smaller  than  normal;  often  there  is 
decided  microphthalmus.  Central  vision  may  Iw  normal,  or  more 
4>r  less  alVeeled.  Eccentric  vision  genendly  sliuws  a  defect  oorre- 
spondiug  to  the  position  of  the  coloboma. 


DISEASES  OF  THE  RETINA  AND  OF  THE  OPTIC  NERVE, 


A  RARE  anomaly  of  tlie  retina,  wliioh  prolwibly  should  hardly 
be  rejranled  ap  a  jiatliuloprid  romlition,  is  tliat  iu  which  there 
is  jM'rsistenoe  o(  the  tiicdulhiry  hhcatliH  of  the  nerve  iibrea.  The 
oplilhahntisoopic  picture  iu  sucli  cases  is  very  striking. 

A  bright  white  spot  is  seen,  genrrally  rlose  about  the  margin  of 
the  optic  disc,  aud  in  rare  cases  extending  upon  it.  Olhei-wise 
the  retina  is  normal,  and  visiou  is  perfect.  The  spot  sends  out 
radiating  stripes  from  it.«  periphery.  A  similarly  arranged  stria- 
tion  can  be  detected  upon  tlie  surface  of  the  spot  when  oxauiinod 
in  the  upright  image.  Sometimes  this  jiortion  is  sh'glitly  elevated 
above  the  general  surface  of  the  retina.  This  spot  completely 
hides  the  choroid,  showing  that  the  changes  are  in  the  retina; 
while  the  tact  that  it  veils  or  convpletcly  liides  the  retinal  vessels 
at  places,  shows  that  the  changes  must  lie  in  the  ticrve-fibre  layer. 

As  a  rule,  these  changes  occupy  only  a  portion  of  the  me(]ian, 
upper,  or  under  margin  of  the  optic  disc,  extending  upon  the 
retina  about  one  diameter  of  the  disc.  Frequently  their  extent 
is  smaller,  and  only  seldom  is  it  much  larger,  and  when  suL-h  is 
the  case  the  white  tibres,  as  they  spread  out  in  the  jK-riphery, 
avoid  the  macula  lutea  by  curving  about  it. 

This  ophthiilmoscupic  apjM*arance  is  vcr)*  similar  to  that  seen 
to  the  riglit  and  left  of  llie  oplie  disc  in  tlie  rabbit's  eye,  and 
which  there  can  be  demonstrate*!  to  Ije  due  to  the  jjersistence  of 
the  myelin  sheaths  upon  the  fibres  of  the  retina. 

Furthermore,    Virchow,*    Beckmaun,t   and   Vou    Reckling- 

Bhnve  observe<l  white  spots  in  the  retina,  which,  upon 
:>pic  examination,  prove*!  txj  be  caused  by  the  myelin 
with  which  the  fibres  are  covered  at  these  places.     Vir- 


*  Arch.  f.  path.  Anat.,  B.  x.  png.  190. 
f  Ibid..  B.  xlii.  pug.  97. 
X  Ihid.,  B.  XXX.  p«g.  875. 
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chow  at  the  sarae  time  found  in  thcste  cavss  that  the  optic-nerve 
6hre8  lost  their  myelin  sheaths  in  the  onlnian'  manner  til  rlie 
lamina  crihrosa,  but  that  after  a  short  interval,  thron|i;h  which 
the  uervc  tuuh  as  a  simple  axis  cylinder,  the  sheath  reap[t«int 
and  finally  is  again  hxt.  This  reappearance  of  the  myelia  sht-atb 
may  oeeur  at  some  distance  from  tJie  optic  disc;  for  instanrc,  in 
Yi>n  Recklinghausen's  case  it  was  4  mm.  from  its  margin.  This 
c(iiiditi(jn  is  of  wHirse  more  fr«jMcntly  observed  by  ophthalmo- 
seiipic  than  by  anatomical  examination. 

In  the  case  of  a  post-mortem  examinatioa  made  in  the  Berlin 
Charit**  liuspital  of  a  siibjert  who  durinj,?  life  had  presented  tlip 
nU>ve  dcscritxKl  oplitlialmoscopic  appearance,  Prof.  Virchow  l»a<l 
the  kindness  to  examine  the  preparation,  and  demonetrated  ana- 
tomically the  persistence  of  the  nuilullary  sheaths.  H.  Schmitlt' 
alsn  rejMtrts  a  case  in  which  the  <)[»litlialm(»s<Kipic  diagnosis  uas 
contirtnetl  by  post-morleni  oxamiiiatioii. 

The  capacity  of  tlie  fibres  to  conduct  impressions  appears  to  be 
in  no  way  affected.  But  the  consequence  of  their  o])acity  is  a 
circuniiscrilyed  defect  in  ti»e  visual  field  corresponding  to  the  {Kisi- 
tion  of  the  white  spot  seen  by  the  ophthalmoscope.  It  is  gener- 
ally continuous  witli  Mariotte's  blind  8pot»  and,  like  that,  is  ii 
subjc-ctively  pcrceive<l  as  a  defect  in  the  visual  field. 

In  connection  with  Uiis  anomaly,  especially  when  of  a  hij 
dc^:ree,  tlicrc  is  <iftcn  very  poor  vision,  which,  iiowever,  accoitling 
t'>  Munthncr,"!"  ap|>cars  lo  de]>cnd  ratlier  np<tn  co-existing  byper- 
metropifl  with  amblyopia  congenita. 

This  anomaly  occurs  upon  one  or  both  sides.  Most  prol>al)]y 
it  is  congenital. 

HypertBuiia  of  the  retina  Is  charar^terized  by  a  reddening  of  the 
intraocular  extremity  of  the  optic  nerve  and  a  dilatation  and  sin- 
utjsity  of  the  retinal  veins.  It  occurs  as  a  collateral  fluxion  in 
connection  with  inflammation  of  ulhur  parts  of  the  eye,  or  as  one 
of  the  symptoms  of  retinitiSj  or  as  a  venous  olwtmiTtion  of  the 
retinal  veins,  cixnseti  hv  compression  at  some  part  of  their  course, 
or  as  a  jKirt  of  an  extensive  venouii  stagnation,  a«,  for  instance,  i& 
often  seen  in  cyanosis  eongenlta. 


er- 
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DETACHMENT  OF  THE  RETINA.  441 

Hypenemia  of  the  retina,  acconliiigly,  is  not  to  be  regarded 
duiically  as  an  injependent  furm  of  disease. 

DETACHMENT   OF   THE    RETIXA. 

DctaL'hmcnt  of  tlie  retina  from  the  choroid  by  an  effusion  of 
fluid  between  the  two  meml)ranes  canpcs  two  changes  of  great  im- 
portance in  the  diagnosis.  The  detached  retina  i.s  brought  nearer 
the  middle  point  of  the  eye,  and  it  becomeii  wrinkled.  Even  in 
very  myopic  eyes  the  detached  retina  generally  lies  in  front  or 
the  princi|>ul  Owns  of  the  dioptric  up|mratus.  It  can  therefore  be 
seen  very  easily  in  the  upright  image.  It  is  wrinklwl  because 
the  spherically  stretclied  membrane,  wlien  forced  towanl  the  centre 
of  the  eyeball,  presents  a  smaller  sn|x;rfiei€s. 

Frequently  the  detached  portion  is  so  relaxed  that  the  move- 
ments of  the  eye  impart  to  it  wave-like  undulatioua.  Tiiis  float- 
ing of  the  detached  retina  is  a  very  characteristic  and  important 
diagnostic  symptom,  but  it  is  not  always  present.  The  condition 
upon  whicii  it  depends  is  the  presence  both  Ijefore  and  beliind  tbc 
detaclie<i  retina  of  a  thin  fluid, — that  is,  there  nnist  be  either  a 
liquefaction  or  a  detachment  of  the  vitreous  with  a  serous  clTusion 
between  it  and  tlie  retina. 

The  detached  retina  is  recognised  in  the  same  manner  as  nnder 
normal  conditions, — by  its  vessels  and  by  the  appearance  of  the 
membrane  itself. 

The  api>earauce  of  tlic  vessels  is  very  eliaracteristic.  They 
follow  all  the  wrinkles  and  folds  of  the  detached  |>ortion;  their 
course,  therefore,  is  exceedingly  irregular,  and  certain  portions  of 
the  vessels  which  lie  in  the  depths  of  the  folds  arc  invi«iMe. 

The  boundary-line  between  the  normal  and  the  detached  |»ortion 
of  the  retina  can  generally  be  recognizctl  by  the  change  of  direction 
which  the  retinal  vessels  experience  in  crossing  it.  Often  the 
distinction  in  color  between  the  two  portions  is  very  marked. 

The  detached  retina  in  most  cases  ia  of  a  bright-gray  color,  in- 
teraperacd  at  places  with  a  brownish-green  or  yellow  tinge,  and  its 
veasela  seen  against  the  lighter  oolore<l  background  appear  darker 
than  normal. 

This  difTcreuce  in  color  depends  on  several  causes.  Tlie  tension 
of  the  detached  portion  is  diminished,  and  this  diminishes  its 
transparency.     It  seems  more  op^ue  th«n  norintl,  for  the  reason 
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that  we  do  not  view  it  in  a  direction  porpcndicular  to  its  surface, 
but,  on  aocnimt  of  its  detachment  nud  foldings,  always  under 
an  angle.  Still  further,  there  are  those  seeonJary  inflammatory 
changes  which  generally  develop  in  conseqnenee  of  detachment. 
The  layer  of  the  nxls  and  cones  is  the  first  to  snifer;  its  elements 
swell  and  hreak  down  under  the  artion  of  the  sid>retinal  flnid. 
Somewhat  later,  inflammatory  proceeses  begin,  esj>ecially  in  the 
outer  layers.  Proliferation  of  the  eonneetive-tisene  elements  ic 
set  u[>,  and  finally,  after  total  detaehraent  has  existed  for  some 
time,  the  retina  loses  all  its  specific  elements  and  is  transformed 
into  a  funnel-shaped  fibrous  incinbrane,  its  posterior  end  attached 
at  the  optic  nerve  and  its  anterior  end  at  the  ora  serrata,  en- 
closing the  residuum  of  the  vitreous,  which  has  likewise  under- 
gone a  fibrous  degeneratiou.  At  this  advanced  stage  the  opacity 
of  the  lens  and  tlic  irido-choroiditia  render  the  ophthalmoscopic 
exaoiiuation  no  longer  |>ossiblc. 

The  character  of  the  fluid  behind  the  detached  retina  has  also 
an  influence  upon  its  rolor.  It  has  genendly  a  different  refractive 
|>ower,  another  color,  and  less  transparency  than  the  vitreous.  It 
is  generally  very  coagiilable  by  heat,  and  contains  some  blood-cor- 
pusolci*  and  nurlcatnd  cells  of  various  sizes;  cholestcrin  cr>*stal5 
are  also  aometiiues  found  iu  it.  It  may  be  the  presence  of  these 
crystals  which,  in  rare  cases,  causes  the  detached  retina  to  a{>pear 
OS  if  strewetl  with  a  gr»?at  number  of  small,  bright  specks,  whose 
reflexes  change  acconling  to  the  position  of  the  mirror. 

The  retinal  det,ichmcnt  is  generally  betrayed  by  the  aljsence  of 
the  normal  red  color  of  the  pupil,  when  illumiuatctl  by  the  ophtlml- 
nioscDpe. 

Recent  detachments,  and  sometimes  older  ones,  are  more  difficult 
to  recognize,  for  the  reason  that  the  retina  and  the  fluid  I)ehind  it 
remain  unusually  transparent.  Still,  in  such  eases  the  dingnoas 
may  be  made  certain  by  the  irregularity  in  the  course  of  the  ves- 
sels, and  by  the  reflex  from  the  retina  itself.  This  reflex  is  most 
distinct  in  the  folds  of  the  membrane,  but  can  ^Iso  be  |»lalnly 
seen  in  the  examination  in  the  upright  image,  if  the  retina  be 
brightly  illuminated  and  slight  movements  of  the  mirror  be  mode, 
by  which  the  inverted  image  of  the  flame  is  caused  to  pass  over  the 
detachment.  One  may  thus  satisfy  himself  that  it  lies  far  in  front 
of  the  ctioroid. 
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Frequently  the  retina  is  detached  only  in  the  form  of  a  few 
small  folds,  which  may  be  recognized  by  their  brighter  color,  but 
more  surely  by  the  behavior  of  the  retinal  vessels  running  over 
diem. 

Tn  the  great  majority  of  rases  the  detachment  is  at  the  lower 
part  of  tlic  retina,  for  the  iluid,  even  if  tiic  dctaohatent  bc^n 
above,  naturally  sinks  downward.  Tlie  upper  part,  originally 
detached,  may  under  such  circumstances  sink  back  into  its  normal 
position,  and  eveu  resume  its  function. 

In  recent,  extensive  detachments  the  retina  is  frequently  seen  to 
be  torn.  The  rent  jireftents  sharp  etiges,  somewhat  rollc<l  aWay 
from  *ia<:h  otiier,  so  that  tlie  choroid  can  be  seen  between  them 
with  great  distinctness.  In  old  detachments  these  rents  are  less 
frequent,  which  may  Iw  explained  by  the  sinking  of  the  subretinal 
fluid.  At  least,  I  have  satisfied  myself  that  rents  in  the  up(>er 
portion  of  the  retina,  w'hioh  at  first  were  very  distinct,  csiultl  no 
longer  be  seen  after  the  lower  part  had  become  detache«I  by  the 
sinking  of  the  fluid,  and  the  upper  part  had  settled  back  into  its 
normal  |M»sition. 

The  disturljiinocs  of  vision  are  due  to  the  fact  that  the  abnormal 
pnsitifm  and  the  folds  in  the  retina  prevent  the  formation  of  any 
distinct  images  upon  it.  The  subjective  sensation  caused  by  this 
condition  is  that  of  a  cloud  in  the  field  of  vision.  In  recent  cases 
the  detiiched  retina  is  often  still  sensitive  to  light.  At  the  margin 
of  the  visual  tield  the  patient  am  often  count  finger;*.  This  is 
sometimes  tlie  case  even  in  old  detachments,  at  least  by  bright 
illumination.  When  the  abctve  described  inflammatory  changes 
appear,  sensitiveness  to  light  is  generally  entireSy  lost. 

Central  vision,  too,  ap[>enrs  to  nulTer  fitnn  the  very  first,  jjerhaja 
for  the  reason  that  by  tlie  detachment  of  a  portion  of  the  retina 
the  remaining  part  loses  its  normal  tension. 

As  tlie  margin  of  the  detachnu-nt  approaches  the  macula  lutea, 
metan»orphoi>6ia  occurs,  so  that  objects  appear  slanting  and  crooked. 
Kven  a  dctache<l  macula  lutea,  if  it  be  ni>t  wrinklitl,  may  I'etain 
B<mie  degree  of  vision,  so  that  largo  letters  (Xo.  12  Ixt  14  Jaeger) 
can  be  read.  When  the  {)orception  of  light  is  lost  at  this  place, 
the  result  is  eccentric  fixation,  a  neighboring  portion  of  the  retina 
being  use<1  for  this  purpose,  and  generally  the  axis  of  visiou 
deviates  upward. 
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Oj>acity  of  the  vitreous  very  often  exists  at  the  same  time  with 
t]et:ic*htneiit  of  the  rctinu. 

The  clistttrbuDces  of  vision  generally  come  on  saddenly,  aud 
incrcajse  rapidly  in  degree.  In  recent  cases  the  time  of  tlie  begin- 
ning of  tljc  trouble  can  generally  be  accurately  determined,  antl 
still  it  is  seldom  possible  to  trace  it  back  to  any  particular  cause. 
The  patients  most  frequently  refer  it  to  colds  or  to  straining  the 
eyes.  I  have  re|>eatedly  been  able  to  satisfy  myself  that  there 
may  for  years  be  small  retinal  detachments  in  the  |)erip!ieral  part 
of  the  fundus  without  tlie  patient  being  aware  of  thuir  existence. 

Retinal  detachments  may  occur  in  eyes  hitherto  sound,  as  well 
as  in  tht>se  which  liavc  lieen  diseased.  Retinitis  htcmorrhagirs, 
sypbilitica,  or  that  of  Bright's  disease  seldom  causes  it.  Choroid- 
itis is  a  more  frequent  cause.  It  almost  always  occurs  with  acute 
irido-choroiditis,  though  it  may  not  be  a  prominent  symj»tom  in 
these  ciises.  Chronic  choroiditis  generally  leads  either  to  abnor- 
mal adhesions  between  the  retina  and  the  choroid  or  to  detachment 
of  the  retina.  In  rare  cases  both  these  processes  take  place  at 
dilll'rcnt  p<jrtions  of  the  fundus. 

Dctauhiiient  of  the  retina  most  frequently  occurs  in  conueotioa 
with  a  high  degree  of  myopia*  This  is  true  in  so  great  a  majority 
of  cases  that  there  mast  l»e  some  causative  relation  between  the 
.two .conditions.  It  has  been  usual  to  explain  tliis  oonncction  oa 
purely  mechanical  groutulH.  It  is  said  that  during  the  progressive 
distention  of  the  sclera  the  choroid  yields  witli  it.  Rut  the  retina 
being  oidy  loosely  attached  to  the  choroid,  shows  a  tendency  to 
become  detuchcil  nitlier  tlian  to  suffer  a  distention  corresponding 
with  thiit  of  the  other  membranes.  It  is  plain  that  this  view  is 
based  upon  an  error.  It  could  apply  only  to  a  distention  of  the 
sclera  by  a  force  aoting  from  without,  since  it  is  impossible  for  a 
pressure  acting  6rst  upon  tlie  inner  surface  of  the  retina  to  cause 
its  detachmenL  Perlmjifi  at  present  no  better  explanation  can  be 
given  than  that  myopic  eyes  in  general  are  es[)ecially  predisposed 
to  intraocular  discaees. 

Opacities  of  the  vitreous  precede^  accompany,  or  follow  detach- 
ment of  the  retina.  There  must  necessarily  be  a  disturbance  in 
the  nutrition  of  the  vitreoug,  for  its  volume  is  retluoeil  with  the 
same  ra]>iility  and  in  the  same  pro|H)rtion  as  the  effusion  aocuma- 
latcs  beliind  the  retina.     I  have  been  able  to  confirm  by  aoatora- 
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ical*  examination  the  asserlion  maHe  by  H.  Muller,t  that  in  a 
class  of  rases  (Ictachmcnt  (if  the  retina  is  caused  by  shrinking  of 
the  vitreous;  but  such  rases  appear  to  be  rather  rare  exceptions. 
Clinical  experience  forces  us  to  this  conchision.  The  freely  mova- 
ble opar-ities  of  the  vitreous,  wiiich  are  so  freriucrit,  when  tliey 
shrink,  of  course  cannot  rause  detachment  of  the  retina.  Only 
such  stringy  opacities,  fastened  at  both  ends,  as  those  existing  in  a 
case  which  I  reported,  can  exorcise  traction  on  the  retina,  while 
contraction  of  tiie  vitreous  as  a  whole  appears  rather  to  cause  an 
effusion  Iwtween  It  and  the  retina. 

Von  Gracfe  has  called  attention  to  the  fact  that  the  contraction 
following  perforating  wounds  of  the  sclera  may  lead  to  detach- 
ment of  the  retina.  Saemiseh  refers  choroidal  ruptures  to  the  same 
cause. 

In  many  cases  detachment  of  the  retina  occurs  as  the  immediate 
consequence  of  a  contusion  of  the  eye.  Often  in  such  cases  a 
hemorrhage  may  have  taken  place  between  the  retina  and  the 
choroid.  In  other  cases,  even  very  shortly  after  the  injury,  the 
fluid  shows  no  bloody  color. 

Among  the  rarer  causes  are  inflammation  of  the  orbital  tissue^ 
intraocular  cysticercus,  and  choroidal  and  retinal  tumors. 

According  to  Iwanotf,§  detachment  of  the  retina  fnny  l>e  caused 
by  that  peculiar  ctmdition  which  he  descrilies  as  redenia  of  the 
retina.  A  peculiar  cliange  is  generally  found  in  the  peripheral 
portion  of  the  retina  in  the  eyes  of  old  |)ersons,  visible  to  the 
naked  eye  upon  anatomical  examination.  In  a  meridional  section, 
at  a  distance  of  from  0.5  to  2.0  mm.  from  the  ora  serrata,  the 
thickness  of  the  retina  suddenly  Increases,  and  again  as  suddenly 
decreases  at  the  ora  serrata.  The  corresponding  zone  of  the  retina, 
seen  from  the  surface,  appears  traversed  by  zigzag  stripes,  Theee 
bright  stripes  are  *X)nduitfi  fille<l  with  a  homogeneiius,  triins|K»rciit, 
probably  tluid  substance;  they  run  l«twecn  fihrous  bundles  place<t 
at  right  angles  to  the  surface  of  the  retina.  The  fibi'es  consti- 
tuting theae  bundles  radiate  at  both  extremities  in  the  plane  of 


»  Arch.  f.  Ophth.,  B.ix.  1,  pag.  199.  f  I^'^-.  B.  iv.  1,  pa^.  872. 

J  Von  Oriipfi',  Klin.  Mnnut^tW.,  1863.  pnp.  4H;  Berlin,  ibid.,  18l>6^  pag.  77 ; 
Buckcr  und  Rydel,  Wiener  med.  Wochcnschrifl,  1806,  No.  (j5. 
(  Arch.  f.  0|>btb.,  B.  xt.  2,  pug.  88. 
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the  surrncc  of  the  retina.  Upon  a  section  made  perpendicularly 
thrtmjjh  the  retina  those  eonduita  present  a  series  of  ofH-nings, 
either  circular  or  clliptlail  in  shape,  their  longest  diameter  beJug 
at  right  angles  to  the  surfiioes  of  the  retina.  The  aven^  diam- 
eter of  these  openings  Is  0,13  mm.  If  the  section  be  thick  enough, 
a  second  series  of  bundles  an<l  openings  can  Iw  sneo  below  the 
first.  Tlie  bundles  oonC^iiti  blood-vessels,  and  are  composed  of 
nuclentctl  fibres.  Enchwed  in  the  openings  nearest  the  ora  ser- 
rata  are  a  greater  or  less  number  of  cystoid  corpuscles.* 

According  to  IwanoS*,  this  condition  obtains  not  exclusively  in 
old  age,  but  also  as  an  undoubted  pathological  process  in  youDg 
persons,  and  that,  too,  quite  frequently.  The  changes  may  exteitd 
from  the  ora  .serrata  7  or  8  mm.  toward  the  equal^ir,  or  may  oocur 
isolated  in  any  part  of  tlve  retina. 

The  cysts  may  attain  such  a  size  that  they  can  be  seen  witli 
the  naked  eye.  Merkelf  statas  that  their  inner  walls  con.sist  of  a 
uieinbrane  Une<l  with  cells.  The  height  of  the  cysts  is,  as  a  rule, 
from  2  to  6  mm.,  their  dianieter  fnun  4  to  8  mm.  In  one  caise 
IwanofV  saw  a  cyst  wliicli  occuple*!  one-half  the  retina  atid  filled 
two-thirds  of  the  eye.  In  fact,  as  I  have  already  stated,^  the 
ophthalmoscopic  examination  not  infrequently  reveals  circum- 
scribed detachments  of  the  retina  protruding  like  a  tense  cyst 
into  the  vitreous  space. 

AVhen  detaclnnent  of  the  retina  has  onoe  Iwgun,  its  course  is 
geuerally  unfavorable,  aud  it  niay  be  regarded  as  very  fortunate 
if  only  the  »/iittui  quo  be  preserved.  At  a  later  stage  iritis  is  very 
likely  to  come  on,  aud  under  these  circumstances  is  particularly 
liable  to  be  associated  with  choroiditis.  With  this  condition  of 
affairs  the  lens  always  becomes  opaque;  but,  on  the  otlier  hand, 
the  pnK-ess  may  be  reversed ;  the  opacity  of  the  lens  may  develop 
first,  and  its  swelling  and  pressure  upon  the  iris  be  the  exciting 
cause  for  an  acute  iritis. 

In  reference  to  prognosis,  it  is  to  be  remembered  that  the  con- 
ditions wbioh  favor  a  detachment  of  the  retina,  such,  fur  iustauoe, 


•  Comp.  Henl(^,  Anatomie,  B.  ii.  pag.  670. 

f  Uober  ilic  maciiln  lutea  des  Moiivcbcn  und  die  ora  serruta  einigcr  Siuge- 
tbiore,  Leipzii:,  18T0. 

]  Vorleeungea  uLor  den  G«braucb  dcs  AugcaipiegeU,  B«rlin,  18^,  pag.  121. 
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ns  a  Tiipjh  ilopree  of  myopia,  frwjuciiily  exist  siniultnneoualy  in 
Iwth  »;ytis,  ami  that  oonH'([uently  tlierc  is  great  tlnngcr  ofoomplete 
bliiuliu^^ss.  Bilutcnil  tldacliment  of  the  retina  jjcldom  occurs  unices 
with  myopia;  still,  it  Itas  been  oiiserved. 

Spontniicnns  recovery  with  tlie  reposition  and  resumption  of 
function  ou  the  part  of  tht:  detachftl  retina  sometiiucrs  ut-eurs,  but 
only  as  a  rare  exception.  The  usual  treatment  by  catliurtiea  has 
proviMl  to  Ik)  of  bnt  little  benefit. 

Von  Graefe  and  JVnvman  undertook  to  introduce  the  practice 
of  incising  the  detached  retina.  Von  Graefe  usctl  two  broad 
ucedles  and  Bowman  two  fine  needles,  in  the  same  way  an  for  the 
discision  of  secondary  cataract.  In  some  few  cases  the  ojieratiou 
has  proved  useful,  but  generally  only  a  slight  and  temporary 
improvement  is  obtained.  Bad  confie<|uence«,  too,  have  Iwen  seen 
to  follow  the  operation.  Ujjou  the  whole,  the  practice  cannot 
be  reconimendtid  ;  for  the  cases  of  6|)oiitaueou8  rupture  of  the 
retina,  in  which  there  is  a  larger  perforation  than  can  be  obtained 
by  an  operation,  arc  seldom  foUowctl  by  the  reposition  of  tlie 
membrane.  Moreover,  no  statistics  have  ever  been  pit;setited  to 
prove  the  oft^rej^eatetl  assertion,  that  those  cases  iu  which  spon- 
taneous rupture  of  tlie  retina  occurs,  run  a  more  favorable  course 
than  others, 

PIGMENTATION  OF  THE   RETINA. 

The  aul^ective  symjitoms  of  the  pigment  degeneration  of  the 
retina  are  so  chnraclcristic  that  in  most  cases  the  ophthalmoscopic 
appearances  can  be  predicted  from  them. 

Ilemeralopia  is  generally  the  first  symptom  of  the  disease. 
During  daylight  vision  is  sufficiently  gootl,  but  towanl  evening, 
and  at  night,  it  is  so  poor  that  even  large  objects  can  no  longer  be 
recognizetl,  and  the  jwticnta  generally  cannot  move  about  alone. 

The  investigations  made  by  Maes,*  under  Donders'  supervision, 
have  demonstrateil  tlaat  the  hemera]oj>ia  is  simply  due  to  a  con- 
dition which  he  vcrj'  appropriately  described  as  t<irpor  retime. 
The  retina  reacts  only  under  the  stimulus  of  a  strong  light,  and 
very  slightly,  or  not  at  all,  under  a  weak  illuniinatiou.  The 
sympt<.>ms  of  hementlopia  may  be  produced  at  any  time  by  bring- 


*  Over  torpor  retina,  Utrecht,  1861. 
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ing  the  patient  into  a  d(isc<l  room  wliere  the  artifiml  ilhimiii; 
tion  can  l)e  rc^ulatotl  ut  will.     The  inHuenee  of  the  intensity 
the  light,  upon  Ixxth  direct  and  indirect  vision,  ean  t)iiis  be  eaaSHy 
shown.     It  is  generally  most  evident  as  affecting  indirect  vision. 
The  field  of  vision   is  contracted,  its  boundary-line  being  vm 
irregularly  traced  around  the  6iation-|)oint,     As  a  nile,  central 
vision  is  also  affected,  and  in  cases  iii  whieh,  by  full  daylig 
vision  is  still  nearly  norma!,  it  diminislies  with  disproportion; 
rapidity  as  the  illumination  grows  fainter. 

Grnduaily,  as  the  process  goes  on,  the  visual  field  oontmcfs, 
that  defeets  ap|>ear  on  its  periphery  even  by  bright  illumination? 
Central  vision  also  soon  begins  to  sufler,  and  absolute  blind utt»     , 
comes  on.  ^^| 

Ophtlmlmosoopic  examination  reveals  a  pigmentation  of  th^^l 
retina,  l)eginning  at  the  ix*riphury,  and  extending  inward  toward 
the  macula  liitea.  The  pigment  is  of  a  dee|>-black  color,  in  the 
form  of  irregular,  radiating  specks,  much  resembling  highly  map- 
nitieil  bnnR-corpuscTle*.  The  location  of  the  pigment  in  the  retina 
is  made  evident  by  an  unmistakable  relation  which  it  presents  to 
the  retinal  vessels,  whose  walls,  at  places,  are  aocompaniwJ  by 
pigment  stripes. 

At  first  the  pigmentation  is  very  sparse,  and  to  be  found  only 
by  a  careful  Rxaminntion  of  the  |>eripherv  of  the  fnndns.  LatCTf 
the  deptjsil  oi'  pigment  gws  on  more  rapi<lly,  and  the  net-work  of 
anastomosing,  dark,  irregular  figures  surrounds  the  macula  lutea 
in  a  steadily  eontnu'ting  circle. 

At  an  early  periotl  of  the  disease  there  begins  a  remarkable 
cliange  in  the  retinal  vchscIs.  Their  callbi-e  is  greatly  re<Juoed 
by  a  peculiar  hyaline  thickening  of  their  walls,  so  that  the  rod 
column  of  blood  in  them,  especially  in  the  arteries,  appeora  veiy 
thin. 

At  a  later  stage  the  optic  disc  and  the  surrounding  retina  pre- 
sent a  light-gray  oi»aciti,'.  Perhaps  this  is  due  rather  to  a  change 
in  the  vitreous;  at  least  I  have  several  times  found  in  cases  of 
pigmentation  of  the  retina  a  rich  development  of  cells  in  the 
perijthoral  pnrt  of  the  vitreous.*  These  cells  represent  the  begin- 
ning of  membranous  and  fibrous  growths. 
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The  olioroid  may  remain 
i&ible  in  it.  Frequcutlv  in  chiklreu  a  distinct  pnnclation  of  the 
equatorial  jKirt  of  the  clioroitl  is  seen  to  pre<:e*li:  by  years  the 
depcKsition  of  pigment  along  the  retinal  ve?«els.  In  other  cases, 
on  the  contrary,  I  have  observed  in  connoetion  with  hemeralopia  in 
children,  decided  contraction  of  the  large  retinal  arteries,  but  only 
very  slight  pigment  de|>o8its  along  some  of  the  periphenil  retinal 
vcs4cl»,  and  no  perceptible  choroidal  eliaiiges. 

In  oM  cases,  in  addition  to  tlie  pigmentation  of  the  retina, 
bright  spots  of  various  sizes  are  s^ometimes  seen.  As  the  choroidal 
stroma  is  very  distinct  within  their  liiniLs.  the  iniprcssiim  which 
they  convey  is  that  the  epillielial  layer  lias  lost  its  pigment. 

Those  aises,  howevcFi  in  which  the  choroidal  changes  arc  very 
a[iparent,  even  though  the  jKirticipation  nf  the  retina  is  evident 
from  the  pigmentation  of  its  vessels,  ought  rather  to  be  referred 
to  choroiditis. 

Frequently  in  the  later  stages  of  tlie  disease  very  i>eculiar 
forms  of  o]>acities  in  the  lens  and  vitreous  develop.  As  regards 
the  lens,  there  is  gcnemlly  a  punctated  jiosterior  polar  cataract, 
with  Dccasionally  a  few  radiating  ojKicities.  The  somewhat  rarer 
opacities  of  tlie  vitreous  consist  mostly  of  small,  gray,  rounded, 
movable  Hakes  occasionally  provided  with  thread-like  processes. 

It  luis  t)een  shown  that  [lignientation  of  the  retina  very  often 
occurs  in  conneetion  with  diseases  whoso  history  is  very  diiferent 
from  that  of  tlie  tyi)ical  pigment  degeneration  of  the  retina.  Let 
us  first  consider  how  pigmentation  of  the  retina  in  general  can 
take  place.  Choroiditis  is  a  frequent  cause  by  which  the  retina 
becomes  adherent  to  the  eboroifl  autl  saturated  an<l  swollen  by  the 
fluid  exudates.  The  immediate  effect  is  the  destruction  of  the 
layer  of  rods  and  cones  within  the  limits  of  the  adhesions.  The 
other  nervous  elements  gradually  break  down,  while  the  connect- 
ive tissue  experiences  a  hyiicrtrophic  growth. 

The  radial  fibres  are  thickeiieil  and  lengthened  and  their  outer 
halves  frequently  curved  utHtn  themselves,  thus  forming  an  intri- 
cate net-work.  When  this  degenrration  of  the  retina  has  takca 
place,  the  pigment  from  the  choroid  am  very  rasily  penetrate  it. 
The  proliferating  choroidal  epithelium  |K?netralcs  the  jiervious 
substance  of  the  atrophied  retina,  and  it  will  \)0  accordingly  found 
filled  with  round  black  cells.    Or  the  choroidal  epithelium  breaks 
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dt)\vn,  its  pigment  muleculw*  bet'omu  free,  an<l  are  carried  into  the 
retina  by  the  inflammatory  exmlationB.  This  process  may  be<le* 
seriljctl  iis  a  pigment  infiltrati(m  of  the  retina.  The  pigment  kiav 
also  be  dejiositetl  in  the  exudate  between  the  choroid  and  the  retina. 

7T.  ^fnller*  has  ealled  attention  to  the  mechanical  influooce 
which  the  above  meiitioned  growth  of  the  radial  fibres  may  exer- 
cise upon  the  choroidal  epithelium.  The  epithelium  is  displaced 
and  the  furrows  in  the  granular  layer  btKYime  crowdeil  together. 

The  fact  being  Cttiiblislied  ihut  pigment  does  penetrate  the 
retina,  the  questions  arise:  docs  aM  the  pigment  found  in  the 
retina  come  from  sources  external  to  itself?  and,  how  does  the 
pigmentation  of  the  retinal  vessels  occur?  The  two  questions  are 
intimately  connected.  H.  Miiller  lias  repeatedly  and  explicidy 
answerei:!  the  firt-t  in  the  afHrniative,  and  seems  dii-posed  to  regard 
tlic  coloring  matter  of  the  blood  as  the  only  soun-c,  a.sidc  from 
the  choroidal  pigment^  from  which  the  pigment  found  iu  the 
retina  can  come.  From  this  point  of  view  the  pigmentation  of 
the  retinal  vessels  must  be  regarded  rather  as  an  accident,  due, 
perhaps,  to  the  fact  tJiat  the  pigment  adheres  to  the  walls  of  the 
vpsscIk  more  wwily  than  to  other  parLs.  In  fact,  in  most  of  tJic 
cases  exauiiuc<l  anatonucjjlty  the  pigment  was  found  dejHisitctl  in 
all  the  layers  of  the  retina  ami  not  limited  to  the  vessels. 

But,  in  view  of  the  ophthalmn«(x>pic  apjxaranccs,  the  theoiy 
that  all  the  pigment  found  in  the  retina  originally  belonge<l  to 
the  choroid  is  not  tenable.  If  that  were  true,  the  choroidal  changes 
would  be  greater  than  is  really  the  ea.«?e,  Sloreover,  it  would  Iw 
difficult  to  understand  why  the  above  described  contraction  of  the 
retinal  vessels  always  2)recedes  the  pigment  degeneration  of  tJie 
retina. 

Anatomical  examination  also  shows  that  together  with  the  pig- 
mentation of  the  vessels  there  is  always  a  very  peculiar  change  in 
their  walls.  They  uudergo  a  hyaline  thickening,  M'hich  causes 
a  contraction  of  their  cjilibre  and  finally  an  obliteration  of  their 
finer  branches.  The  same  efTect  may  be  caused  by  a  hypertrophy 
of  tlie  connective  tissue  of  the  vessels.  They  become  reduced  to 
mere  fibrous  strings,  and  disappear  in  the  tissue  of  the  retina. 

On  the  one  hand,  it  is  shown  that  choroiditis  may  cause  pig- 
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mentation  of  tlic  retina ;  on  the  other  hand,  however,  the  reports 
of  all  the  anatoininul  exaniinntinn.s  of  oases  which  during  lifo  had 
presented  the  ophtlialmoscopic  and  oltuimi  symptonus  of  retinitis 
pigmentona,  agree  in  this,  that  there  existed  greater  or  less  changes 
in  the  choroidal  epithelium.  It  ftj>[)<?ars,  therefore,  tliat  the  an- 
swer respecting  the  souroe  of  the  pigtnent  in  the  retina  Is  that  in 
some  way  it  must  come  from  the  pigment  epithelium  of  the  uvea. 
If  the  growing  choroidal  epithuliuiii  li:is  onw  penetnit^Ml  the 
retina,  it  is  likely  that  the  growtli  may  continue  within  that 
membrane  until  it  contains  mure  ]>igmcut  than  has  been  lost  by 
tiie  choroidal  epitliflium. 

Certain  cfinditioiis  which  I  have  j)rcviously  described,*  in 
which  it  was  evident  thut  the  pigiueutution  of  the  retinal  vessels 
could  not  have  pr(u*ce<le<l  from  the  choroid,  are  probably  to  be 
exphiincd  by  iLssuming  some  portion  of  the  uvea  other  than  the 
choroid  as  the  source  of  the  pigment.  The  ease,  us  is  true  of 
most  anatomical  examinations,  was  not  one  of  typical  torpor 
retime  with  pignientatiuu  of  the  retina.  There  existed  iritis, 
atrophy  of  the  nervous  elements,  excivation  of  the  optic  nerve, 
and  besides  nil  this  there  were  in  tlie  region  of  the  ciliary  body 
pecMiIiur  changes  wliich  I  did  not  then  i)articiilitrly  doscrii>e,  for 
the  reason  that  I  was  in  doubt  as  to  their  nature.  But  now,  after 
repeated  examination  of  the  prcpanition  which  I  still  jkis-'tCpS,  I 
think  these  changes  in  the  ciliary  body  should  l>e  partiLuhirly 
described,  as  it  is  |K>ssible  that  just  hei^e  wus  Uie  souroe  from 
which  emanated  the  pigment  found  in  the  retinal  vessels. 

There  remaiiiw.1  upon  the  vitreous,  after  it  was  drawn  away 
from  the  corpus  ciliarc,  a  pigmentation  which,  magnified  about  100 
times,  showed  a  net-work  having  long  me'^hes,  and  ap]jcared  as 
if  made  up  of  delicate  pigmented  vessels,  whose  larger  trunks  were 
dire<4e<l  toward  the  om  Hcrrata.  In  fact,  in  this  pigmental  net- 
work some  fine  capillary,  non-pigmeuted  vessels  could  be  seen. 

It  appcarct]  to  me  as  if  a  new  vascular  net-work  connected 
with  the  retina  liad  developetl  in  the  pars  cillaris.  If  this  inter- 
pretation of  the  condition  be  the  true  one,  the  pigment  epitlielinra 
of  die  ciliary  body  must  have  been  tlie  source  of  the  pigment 
found  on  the  retinal  vessels. 


*  Arch.  f.  Ophth.,  B.  ix.  1,  pag.  205. 
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The  <leposition  of  pi]H;ment  along  the  vessels  docs  not  nlw-ays 
appear  to  be  continuously  progressive,  but  the  dejH>sit  takes  pbcc 
at  intervals  with  free  sjxiees  l)ctween.  This  |weuliar  disposition 
of  the  pigment  is  occasionally  observed  during  ophtlialimjeoopjc 
examination  of  the  vessels  upon  the  surface  of  the  optir  disc.  It 
has  also  bwn  demonstrated  anatomically,  and  first  by  Donders.* 

Since  as  yet  but  few  eyes  in  which  retinitis  pigmentosa  has 
been  recognized  during;  life  have  been  examined  amitonii*'alIy,  it 
is  iwrlm^w  well  to  describe  herc  briefly  the  results  of  such  exami- 
nations. 

In  a  case  which  had  long  been  under  oliservation,  Dondersff 
found  the  retina  adherent  to  the  clioroid  at  three  or  four  places 
where  it  was  most,  pigmented,  so  that  it  was  difficult  to  se^mrate 
the  two.  It  ai»]>eared  as  if  tljere  were  in  these  places  an  exudate 
tillwl  witli  pi}jment,  which  tore  apart  when  the  two  membrants 
were  separated,  so  that  one  part  remained  on  the  retina  and  the 
other  on  the  choroid.  In  these  places  the  pijrment  which  per- 
meated the  retina  was  continuous  with  that  in  the  choroi<l.  Hat 
over  a  surface  of  moi*e  than  a  square  centimetre  no  such  connec- 
tion could  Ix^  found.  It  was  incredible  that  all  the  pigment  couM 
have  infiltnitctl  the  retina  from  these  adherent  spots,  for  in  the 
immeiliate  neighborhood  of  these  exudations  the  clioroidal  pig- 
ment epil helium  was  quite  uniform  and  normal. 

The  secotid  case  was  examined  by  Lel^rJ  ophthalmoscopically 
shortly  b<:fore  the  deatli  of  the  patient.  The  subsequent  ana- 
tomical appeumnces  were  as  follows:  there  were  atrophy  of  the 
nervous  elements,  hyjierplasia  of  the  connective  tissue,  thickening 
and  sclerosis  of  the  walls  of  the  vi',sHels,  reticnlatcil  pigmentation 
of  all  the  layers  following  principally  the  vessels,  great  changes 
ill  the  pigment  epirhetiimi,  numerous  excrescences  of  the  hyaline 
inend)ruiic,  and  small  circumscribed  deposits  of  fatty,  degenerated 
exudate  between  the  choroid  and  the  retina. 

Ijostly,  Landolt§  reports  two  cases  in  which  repeat*.il  previous 
oplithalmoscopic  examination  had  revealed  the  typical  ap|H*arances. 


*  Areh,  f.  0|ihth.,  B.  iii.  1,  pag.  141. 

t  Ma<;8,  Ovur  torpor  reiinic,  ZwoUer  Jnlire*bcricht  der  Utrechtor  Augcn- 
klinik,  \mi,  pHg.  2a. 
J  Arch.  f.  Opiiih.,  B.  iv.  8. 
{  Ibid.,  B.  xviii.  I,  pag.  825. 


PIOMEjn'ATION   OP  THE   RETINA. 


453 


Tlic  prinoi|)al  nnntoniical  clmngps  were  an  almost  (Kimplete  absence 
of  the  nervous  elements,  including  the  rods  and  cones,  and  hyper- 
plasia of  lM>tl»  the  general  connective  tissue  and  tliat  of  the  vessels, 
which  accordingly  were  much  thickened,  tlieir  calibre  reduce<l, and 
their  finest  branches  completely  oblitcnitciL  In  tlie  ivulls  were 
great  quantities  of  pigment,  which  probubly  had  purlly  wanderwl 
and  partly  been  forniefl  there,  part  coiitainefl  in  cells  and  jiart  free. 
The  pigment  of  the  epithelial  layer  had,  for  the  most  part,  wan- 
dcreil  away  from  it, and  was  collected  at  places  in  the  retina  iu  the 
typical  manner,  as  determinefl  by  the  course  of  the  vessels. 

The  anatomiad  conditions,  considered  iu  counecti^^n  with  the 
functional  disturbances  and  the  course  of  the  disease,  show  the  cor- 
rectness of  Doxxders'*  early  opinion,  that  t]ie  pigmentation  of  the 
retina  is  u  secondary  matter,  and  not  the  essential  element  of  the 
process.  Donders  arrived  at  this  eonchision  from  the  circnmstflnce 
that  it  iH  sometimes  possible  to  denionstnite  a  lo^s  of  jicrceptiou 
beyond  the  limits  of  the  pigmented  [wirtion  of  the  retina  in  the 
direction  of  the  macula  lutea.  His  tiietltud  of  doing  this  was  a 
very  ingenious  one,  and  consisted  in  throwing  with  tiie  ciphthal- 
ma6COf>e  a  very  small  image  of  a  flame  upon  the  various  parts  of 
^  the  retina,  and  directing  the  patieut  to  tell  at  what  places  he  could 
■ee  it. 

Transmission  from  parents  is  an  important  element  in  the  eti- 
ology of  the  di-*ease.  Hut  several  children  in  the  same  family  may 
RulVer  frotu  it  without  the  parents  having  been  so  aflected.  Under 
tiiese  circumstances,  deafness  frequently  exists  as  a  comi)ltcation. 

The  disease  appears  to  be  more  frequent  with  deaf-mutes  attd 
idiots  than  with  any  other  class  of  persons.  Frequently  other 
anomalies  of  development  co-exist,  such,  for  instance,  as  supernu- 
merary fingers  and  toes.f  Liebreich  has  called  attention  to  the 
fact  tliat  in  many  cases  the  parents  were  bloo<l  relations.|  More 
comprehensive  statistics  with  reference  to  the  matter  of  consan- 
guinity are  ctrtaiidy  desirable. 

The  disease  frequently  occurs  oougenitally.    Children  are  bom 


P 


•  Aruh.  f.  Ophth.,  B.  iii.  1.  i>ag.  H8. 

t  Uoring,  Klin.  Monatsbl.,  ISti-l,  pag.  283,  und  1B65,  pag.  2S6 ;  Stfir,  Ibid., 
1865,  pmg.  23. 
X  Deuttchc  Klinik,  18G1,  No.  6. 
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M'ith  pigmcntwl  retinaS;,aml  at  the  t^nmc  time  fr«|upnfly  with  na 
tbftt  are  too  aniall,  niid  either  absolutely  blind  or  with  only  a 
feeble  perception  of  light  Under  such  circuinstjtiicee,  tiystagrons 
generally  devolojit?. 

Heniemlopia  generally  dates  from  childhood  or  ul»ul  the  time 
of  puberty.     Both  eyes  are  aflected,  alniast  witiiout  exception.* 

The  course  of  the  disease  is  exceedingly  slow.  From  20  to  40 
yeara  mny  intervene  between  the  ap|icarance  of  hemcralopia  and 
eventual  blindness.  It  is  not  certain  whether  all  eases  go  on  to 
complete  blindness  or  remain  i^tationary  at  some  stage  of  t)icir 
develapjnont. 

Ah  i4uj>[de mental  to  the  above  description  of  t^'pical  pigmenta- 
tion of  the  ret  ma,  it  should  l>e  mentionctl  that  cases  occur  which 
agree  with  it  in  many  points,  but  vary  from  it  in  other  essential 
respects. 

In  the  first  i)hiee,  hemeralopia  mny  occur  under  various  condi- 
tions without  pij^mentiition  of  the  retina.  Aside  from  those  ctt5te5 
in  whic'h  homcrnUipia  is  observed  an  a  symptom  of  some  acute 
pathological  process  in  j)cr3ons  hitherto  healthy,  and  which  repre- 
sent a  peculiar  fi.irm  not  Monging  in  this  place,  we  must  mention, 
first,  those  ratlier  rare  ca.ses  in  wluch  congenital  amblyopia  exists 
without  any  ophthalmoscopic  changes.  By  good  illuniinatlou  cen- 
tral vision  may  he  perfect  oc  filijjhtly  defective,  wliile  by  a  weaker 
iJlnminution  the  torpor  retinre  is  manifested  by  a  very  consider- 
able diminution  of  central  vision,  and  gonendly  also  by  a  contrac-. 
tion  of  the  visual  field.  Exceptionally,  the  torpor  is  greater  for 
centnd  than  for  slightly  eccentric  vision.  This  condition  appears 
generally  to  remain  statiouan.*,  and  the  prognosis  is  better  than 
when  pigmentation  exists.  The  relationship  between  this  form 
and  that  acc(»m[)anied  by  pigmentation  is  shown  by  the  fact  tJiat, 
among  several  children  of  the  same  jMirents,  some  will  have  tJie 
one  form  of  hemeralopia  and  some  the  otlier. 

There  ootMir  rare  disc's  in  which  hemeralopia,  due  to  torpor 
retime,  with  defective  eccentric  vision,  or  coulraction  of  the  visual 


•  In  a  ewe  dewribed  by  Fedrngltn  (Klin.  M<innt«bl.,  ISG-S,  pus;.  114),  ihrrtt 
WM  complete  irhoriiiila)  ntruphy  ut  severnl  places,  anfl  for  titii  rvut>on  it  should 
be  regarded  aa  ono  of  cbomiditis  with  pignienuition  of  the  retitm.  In  a  rm»o 
obwrvvd  by  I><mdor»  (K.  BnnnieiBtor,  An-h.  f.  Ophth.,  B.  xix.  2,  i>»g.  201 K 
th«rc  wan  at  louet  a  trace  of  pigment  development  upon  tbeuUiorheuIthj'eye. 
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iod  of  life,  without 
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M(.\f  dcvelnjB  at  a  latei 
mentation  of  the  retina  or  any  other  apparent  rhangrs,  sucli  as 
contraction  of  the  urterifs  and  gniy  discoloralinn  of  t!>e  optic 
nerve.  In  similar  cases  Von  Graefc  observed  n  development  of 
pigment  in  the  retina  after  tlie  lapse  of  several  years. 

Afi  a  result  of  syphilitic  retinili-s  I  have  observed  marked  tor|)or 
retinse,  in  connection  with  diH'usc  opacities  of  the  vitreous,  a 
whitish  di«'<)loratioii  ui'  tlie  optic  disc,  and  slight  chanj^es  in  the 
j>eripher}'  of  the  choroid  (wliite  punctiform,  but  never  bhick 
spots),  but  without  a  trao<^  of  pigmentation  in  the  retina. 'Forster's* 
oljservations,  liowever,  indicate  that  in  these  cases  pigmentation  of 
the  retina  may  occur  at  a  later  pcrioil  of  the  discaw*. 

But  even  with  evident  pigmentation  of  the  retina  some  cases 
deviate  et^sentially  from  the  u-^nal  type  of  the  dise-jse.  This  is 
true  of  the  rasi^  described  by  Von  Gracfe,t  in  whicli  there  existed 
an  annular  defect  in  the  visual  iieldj  and  beyond  the  peripheral 
margin  of  this  ring  eccentric  vision  was  still  retained.  The  pig- 
mented portion  of  the  retina  hail  lost  its  power  of  |)erccpti(m,  but 
the  conducting  function  of  the  nerve  fibres  running  lo  ihe  jwriphery 
w'as  retained.  Tliis  condition  (.-an  be  e.viilained  on  the  a.s.«umption 
that  the  pathological  prtK«ss  first  destn)ys  the  extertial  perceptive 
retinal  layers. 

lu  other  coses  of  unusual  forms  of  retinitis  pigmentosa,  ambly- 
opia may  I)g  caused  .at  an  wirly  jteriod  of  the  disease  by  irregular, 
roundish,  black  masses  of  pigment  which  occupy  t!ie  position  of 
the  macula  lutea. 

HEMORRUAGES  IN  THE   RETIITA. 

IlemorrhagcR  in  t]»e  retina  are  frequently  seen  ophthalmoscop- 
ically,  for  they  occur  boili  as  an  iiide(>eudeut  diseaae,  and  accom- 
panying various  inflammatory  processes.  . 

The  hemorrhages  are  most  fre<]uent  in  tliat  part  of  the  retina 
lying  posterior  to  the  etpiator.  Frequently  they  are  numerous, 
lai^c,  and  crowded  together,  and  in  such  cases  the  macula  lutca  is 
ficldoui  spared.     Jt  may,  however,  happen  tliat  the  eutire  liemor- 


*  Arch-  T.  Oplitb.,  G.  XX.  1,  pag.  33,  und  H.  Magnus,  OplitbRlmoscopischer 
AtlM,  Tjif.  xiii.  Fig.  1,  pag.  76. 

f  Arcb.  f.  Ophib.,  B.  iv.  2,  pftg.  250. 
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rimjfe  consists  of  only  some  few  jinnrtiform  extravusations,wiiipli, 
liowovor,  unluckily  occupy  exactly  the  iwsition  of  the  macula  luua 
The  form  of  the  extravasations  varies  with  the  place  in  which 
they  occur.  Near  the  optic  disc,  where  the  nenc-fibre  layer  i^ 
relatively  thick,  they  lussiiine  an  elongated  sluipe,  radiating  in  the 
direction  of  the  fihres.  They  spread  more  in  the  middle  Inycrs 
of  the  retina,  and  for  that  reai<on  ap|K>ar  as  circular  [Hitches.  A 
rupture  of  tlie  hemorrhage  may  occur  on  either  surface  of  die 
retina.  If  it  hapi>eu  on  the  outer  surface,  a  layer  of  blood  eprea<is 
out  l)ctween  the  retina  anil  the  choroid.  If  the  rupture  be  ihiSMigh 
the  internal  limiting  niembmne,  the  effusion  of  blood  is  into  the 
vitreous  body. 

Exceptionally  it  hapi>ens,  and  principally  in  the  neighborhood 
of  the  macula  lutea,  that  the  bloixl  spreads  out  Ixjtween  the  retina 
and  the  vitreous.  In  such  cases  the  large  retinal  vessels  arc  seen 
to  disappear  behind  tlie  sliarpty  defined  margin  of  the  extravasa- 
lion  which  covers  them. 

The  color  of  the  retinal  hemorrhages  ap[)carB  to  be  roodificil  to 
some  degree  by  that  of.  the  fundus.  Against  the  lighter  back- 
ground of  a  weakly  j)igmcnted  clioroid  the  bhxxl-jmtchcs  appear 
of  a  brighter  red,  while  against  a  darker  choroid  they  are  lii 
darker, 

Ketinal  hemorrhages  are  always  very  slowly  absorlxjd,  requltB 
from  4  to  6  weeks,  even  under  tlie  most  favorable  conditions,  i 
for  instance,  when  they  have  occurred  after  an  iridectomy  in  glau- 
coma. More  extensive  hcutorrliagcs  may  remain  from  6  to  8 
months,  or  even  longer.  As  a  rule,  the  blood-patches  grow  grad- 
ualiy  paler,  contract,  or  break  up  into  several  parts. 

The  extravasations  somewhere  Iwtween  the  third  and  the  sixth 
week  frequently  show  a  remarkable  alteration,  becoming  changed 
to  glistening  white  patches.  The  anatomical  process  by  which 
this  is  brought  about  is  not  well  understood.  It  may  be  due  to 
a  varicose  hypertrophy  of  the  nerve  fibres,  or  to  fatty  degeneration 
of  the  bmken-dowu  nerve  elements,  or  to  a  metamorp basis  of  the 
effused  blood-corpuscles.  Occasionally  these  same  cliangcs  are 
observed  to  take  place  in  tlic  optic  nerve  itself. 

It  is  very  geltlom  that  dark,  pigmentwl  sjwtft  remain  after 
retinal  hemorrhages.  In  the  course  of  time  they  generally  dis- 
appear without   leaving  any  trace,  but  exceptionally  choroi<i 
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changes  appear  as  tlic  liornorrhages  are  aljsorbetl.  TliGse  clianges 
may  Im,'  caiiscj  by  the  rupture  of  small  hemorrhages  thrMU2;h  the 
external  limiting  membrane  uikI  the  effusion  of  a  small  (piantity 
of  blood  upcm  the  choroidal  epithelium.  It  soerai*  likewise  prob- 
able that  retinal  hemorrluipes  may  cause  inflamnmtory  processes 
in  the  external  layers,  followed  by  hypertrophy  of  the  radial  fibres, 
and  aubsequent  choroidal  chauges. 

The  disturbances  of  vision  rlcpcnd,  for  the  most  part,  upon  the 
fact  that  the  rays  of  light  are  absorl>ed  by  the  etfn^ion  l>efore 
they  reach  the  sensitive  layer.  The  destruction  of  tissue  caused 
by  the  hemorrhago-s  is  still  more  important,  and  it  almost  of 
necessity  takes  place  when  such  an  accident  occuit*  in  so  delicate 
a  membrane  as  the  retina.  Less  damage  seems  to  be  done  by 
hemorrhages  occurring  near  the  optic  nerve,  where  the  blood  can 
spread  out  in  a  directioti  parallel  to  the  nerve  fibres.  In  the 
dee|ier  layers  of  the  retina,  however,  a  hemorrhage  can  scarcely 
occur  without  te:iring  the  deli«ite  nerve  fibres  which  connect  the 
ganglion  cells  with  the  external  layers. 

For  every  hemorrhage  there  is  therefore  a  loss  of  eccentric 
vision,  or  a  defect  in  the  visual  lield,  which,  if  in  the  region  of  the 
macula  lutea,  is  very  annoying.  If  the  hemorrliages  be  in  the 
periphery,  they  can  be  discovered  only  by  caroful  examination, 
am)  must  be  very  extensive  to  cause  any  annoyance.  A  slight 
hemorrhage,  if  it  occur  at  the  macula  Ititea,  may  therefore  interfere 
greatly  with  vision,  while  if  that  part  Iw  spared,  verj-  extensive 
hemorrhages  in  the  equatorial  part  may  cause  no  great  annoyauoes. 
But  it  is  unfortunate  that  retinal  hemorrhages  are  most  frequent 
just  iu  tlie  r<^ion  of  the  macula  liUca, 

Diseases  of  the  optic  nerve  frequently  develop  in  consequence 
of  numerous  and  extensive  hemorrhages.  A  remarkable  sinuosity 
of  the  small  vessels  visible  upon  the  optic  disc  often  remains,  with 
signs  of  an  atrophic  degctieratlon  in  the  nerve,  such  ns  a  whitish 
color,  and  slight  excavation.  This  may  happen  without  vision 
growing  any  poorer.  If  numentus  hemorrhages  have  broken  up 
a  great  number  of  the  delicate  fibres  of  the  retina,  a  secondary 
atrophy  may  extend  back  to  the  optic  nerve  without  causing  any 
new  symptoms  of  loss  of  vision. 

In  another  class  of  cases,  a  glaucomatous  condition  develops 
after  extensive  retinal  hemorrhages.     The  eyeball  becomes  hard, 
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and  there  is  excavatinn  of  tlie  uptic  nwrc.     Tlic  cx)ursc  of  the 
disease  may  l>e  eitiitr  with  or  witbotit  severe  pains. 

Kctinal  hemorrhages,  as  an  independent  disease,  generally  do 
not  occur  till  late  in  life.  They  arc  most  frequent  after  the  6f- 
ticth  year.  They  may  occur  at  any  time  of  life  as  a  symptom  of 
retinitis,  or  from  tranmatic  causce.  Diseases  of  the  heart  or  vii»* 
cular  systtim,  such,  for  inntance,  as  hyjicrtropliy  of  tlie  left  ventricle 
or  rigidity  of  the  arteries,  may.  cause  them.  In  many  cases  con- 
gestion of  the  head  is  the  exciting  cause.  Atheromatous  degen- 
eration of  the  retinal  arteries  has  been  described  and  represeateil 
by  Wcdl.*  Man/.f  also  found,  in  a  case  of  hemorrhage  in  the 
retina,  a  scIerosi»  and  atheromatous  degeneration  of  its  arteries. 
It  is  remarkable  that  the  ophthalmoscopic  appearances  give  no 
hint  for  tlie  diagnosis  of  tlais  probably  not  una^mmon  cxindition. 
Exceptionally,  retinal  hemorrhages  occur  as  cue  of  the  symptoms 
in  purpura  hiemorrhagicn.  It  should  be  mentioned  finally  that 
they  frequently  occur  after  iridectomy  in  inflammatory  glaucoma. 
These  hemorrhages,  however,  strhlom  interfere  with  direct  vi.<ion. 

The  prognosis  depends  upon  the  d^rce  and  the  cause  of  the 
disturbances  of  vision. 

Peripheral  hemorrhages,  which  leave  the  macula  lutea  intact, 
cause  slight  loss  of  vision,  and  admit  of  complete  recovery.  If 
the  macula  hitca  be  actually  involved,  no  great  improvement  can 
be  expected,  even  after  the  rcsorjitinn  of  the  efl'used  blood.  Those 
rare  eflusions,  however,  ft-hich  spread  out  in  front  of  the  macula 
lutea,  Iwtwecn  it  and  the  vitreous  Ixxly,  interfere  greatly  with 
visiou,  but  admit  of  complete  recovery. 

It  is  to  be  remembered  that  retinal  hemorrhages  not  infre- 
quently recur. 

The  prognosis  is  unfavorable  in  those  cases  in  which  .glauco- 
matous symptoms  develop.  Vision  is  generally  alrciuly  greatly 
damaged  by  the  hemorrhages,  and  the  secondary  glaucoma  is 
usually  of  a  malignant  type,  which  is  not  benefited  by  iridco* 
tomy. 

Rest  and  derivative  treatment  arc  the  principal  indications.  All 
straining  of  the  eyes,  all  violent  bodily  exertion,  everything  which 


*  Atlw  d«r  path.  Anat.  dm  Auges,  Boiina  and  Opticos,  Taf.  I.  Fig.  6. 
f  Bericht  d«r  nnturforftchcuden  OcscUschafl  ui  Freiburg,  1866. 
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accelcmtefl  the  circulation  or  causes  congestion  of  the  headj  must 
he  avoided. 

The  usual  means  employed  to  assist  the  resorption  of  the 
effusions  are  tlie  elixir  acid.  Halleri,*  local  bleeding  from  the 
temple,  cathartics,  etc. 

The  proppKitiun  to  diminish  the  blood  pressure  by  digitalis,  or 
to  excite  a  contraction  of  the  smalt  vessels  by  ergot,  cannot  be 
regarded  as  of  practical  value. 

RETINITIS. 

The  diagnosis  of  retinitis  can  be  made  only  with  the  ophthal- 
moscope. The  subjective  symptoms  are.  not  so  characteristic  that 
the  diagnosis  can  be  made  fruni  theui.  There  are  no  external 
visible  changes. 

The  general  ophthalinogcopic  signs  of  retinitis  are  clouding  of 
the  retina  and  hyperajraia  of  its  vessels.  The  clouding  is  gener- 
ally most  intense  at  the  intraocular  extremity  of  the  optic  nerve, 
and  hides,  therefore,  the  Ixiundary-liiie  of  its  place  of  entrance. 
The  inner  optic-nerve  sheath,  the  dark  choroidal  ring,  and  the 
white  scleral  stripe  which  is  often  visible  between  them,  lie  behind 
the  retina,  and  are  therefore  bidden  when  it  becomes  opaque.  If 
this  clouding  be  limited  principally  to  the  inner  layers,  line  radi- 
ating striffi  may  olWn  be  seen  abotit  the  optic  nerve. 

The  hy|)crffimia  is  likewise  greatest  at  the  intraocular  extremity 
of  the  optic  nerve.  The  numerous  fine  vessels  which  in  the 
normal  condition  give  a  rosy  tint  to  the  optic  disc,  cause,  when 
fully  distende<l,  an  intense  redness  of  the  spot;  but  the  hy[)encmia 
is  most  noticeable  in  the  large  vessels  of  the  retina,  especially  its 
veins.  Since  the  vessels  are  more  disteusibte  in  the  longitudinal 
than  in  the  transverse  direction,  they  become  not  only  dilated 
bat  also  elongate<l.  Ophtbalmoscopically,  therefore,  they  appear 
thicker,  and  at  the  same  titnu  exceedingly  sinuous,  their  curves 
being  both  in  the  plane  of  the  retina  and  perpendicular  to  it. 
The  deeper-lying  ones,  when  there  is  at  the  same  time  a  dense 
clouding  of  tlie  retinal  sulwtance,  are  veiled  by  it  or  absolutely 
hidden,  so  that  the  vessels  appear  as  if  interrupted,  whtlo  the 

*  This  preparation  eonaUtfl  of  1  part  BuJphane  acid  nnd  3  p&rta  ipiritsof 
Dosti,  5  to  20  drops. — Tranalaivr, 
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»upoHioIal  curves,  wliich  nro  covered  hy  very  little  retinal  snb- 
atance^  are  slmrply  doiincil  and  inlfiiscly  rod. 

These  sinnasitics  may  al--^  (X'cur  while  the  retina  is  absolutely 
traiiHparent,  in  whicli  case  thoy  indicate  owleiua  of  the  retina. 

The  arteries  are  generally  not  dilated;  indeed,  they  are  oi'ten 
Binalier  than  in  the  normal  condition,  \>'l)ic*li  may  be  due  to  the 
fact  lliat  the  swelling  and  liy|>er{enua  of  the  tissues  extend  into 
the  intraocular  end  of  the  optic  nei^'e  as  far  as  the  lamina  crit>- 
rosa.  .If  a  swelling  of  the  tissues  occur  at  this  jmint,  surrouniktl 
as  it  is  by  the  unyielding  scleral  ring,  a  compression  of  the  ccntml 
vessels  may  be  caused,  tlic  immo<liatc  conseqacnce  of  which  will 
be  both  aniemta  of  the  artcrlcH  ami  hy|>era?mia  of  the  veins.  -. 

Venous  hypenemia  and  cloudy  swelling  are  the  essential  char^B 
acteristics  of  rctiniti.s,  but  the  uphthalmosoopic  picture  is  ufteu 
varied  by  a  neries  of  other  changes. 

Tieniorrhages  arc  here  to  lie  mentioned  as  a  frequent  symptom 
in  retinitis,  and  yet  in  many  cases  they  are  absolutely  wanting. 

Next  should  be  mentioned  certain  white  s|>otfi,  which  sometimes 
ot^cur  in  the  form  of  dots,  sftmetimcs  have  nearly  the  <liameter  of 
tiie  optic  disC;  or,  by  the  coalescence  of  several  such,  may  form 
large  irregular  figures.  These  changes  often  present  a  very  j)ecu- 
liur  apjK-arancc  in  the  region  of  the  macula  lutca. 

Fine  whit©  points  are  thei'e  often  arranged  in  peculiar  stellate 
groU|>s,  appearing  as  if  plaoe<l  upon  lines  i-adiating  from  the 
fovea  centralis.  More  nirely  there  are  broad  bright  stri]>es,whick 
converge  toward  tlie  same  point. 

Probably  this  singular  grouping  is  due  to  the  peculiar  arrange- 
ment of  the  radiating  fibres,  which  in  the  macula  lutca  do  not 
run  perpendicularly  through  the  thickness  of  the  retina,  but  in 
such  a  manner  that  upon  their  way  from  the  inner  to  the  ou 
layers  tbey  all  converge  towani  the  centre  of  the  macula  lutea,' 
Upon  a  flat  section  of  the  macula  lutea  this  radiating  an'uugemeut 
of  the  external  fibrous  layer  may  be  distinctly  seen.* 

Tliis  stellate  punctation  ia  most  frequently  seen  in  retinitis' 
alLuuiiuurica,  but  frequently  also  in  other  forms  of  retinitis  nut 
depcn<lent  u]M>n  albuminuria. 


«  Fr.  Mvrkel,  Uober  die  macula  lutea  des  Menschen,  Leipzig,  1870,  Taf. 
Fig.  11. 
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Quite  rarely  there  occur  very  distinct  cloudings,  radiating  in 
tlie  ilircH'tinn  of  tlu:  nerve  filires,  and  proliably  due  to  changes 
occurring  at  the  inner  extreiuities  of  thiaw  tiltres. 

The  observations  whirh  have  been  made  in  tliis  matter  have 
been  mostly  in  eonnectiuu  witli  retinitis  dur  to  nibnniiiinna;  still, 
two  cases  described  by  E.  v.  Jaej^r*  and  Mauthnerf  as  "  retinitis 
with  greenish  stripes"  flhow  that  ophthalmoscopic  changes  de- 
pendent upon  morbiil  proet'ifses  in  the  e.xtrcmitiesof  the  radiating 
fibres  may  occur  without  tins  cDtnplication. 

The  retinal  vessels,  especially  the  arteries,  in  many  cases  of 
retinitiH,  and  most  frequciitlv  in  the  albuminuric  form,  a[>])ear  to 
be  act«ra|Kinied  by  bright  while  strippis  close  to  and  on  Iwtli  sides 
of  the  red  blood-vessels,  causing  ihem  to  appear  smaller  mid  less 
distinct.  Evidently  this  appearance  is  due  to  a  thickening  of  the 
adventitial  coat  of  the  vessels. 

The  disturbances  of  vision  in  retinitis  vary  greatly,  and  often 
stand  in  no  evident  relation  to  the  ophthalmosco])ic  apjwarances. 
Two  cases  presenting  the  appearance  of  very  similar  changes  may 
be  accompiiniwi,  the  one  with  great  <Iiminution  of  vij^ion,  the 
Other  with  but  very  little;  so^  too,  in  one  case  the  visual  field  re- 
maiits  free,  in  another  it  shows  a  grejiter  or  les.s  defect,  withtmt  itn 
being  possible  in  all  cases  to  find  ophthiilmoscopically  an  explana- 
tion for  this  behavior.  We  can  only  conclude  that  very  striking 
ophthalmoscopic  changes  may  occur  in  the  retina  without  essen- 
tially atiecting  the  nervous  elements,  while,  inversely,  considerable 
disturbances  of  the  function  of  the  nerves  may  be  induced  by 
changes  not  to  be  seen  witfi  the  ophthalmo9co[>e. 

The  complaints  of  the  paticntii  refer  nKtstly  to  imlintinctness 
of  vision.  Often,  but  not  alwnySj  there  is  photophobia,  s«)  that 
dazzling  is  caused  by  full  daylight. 

Micropsia  is  a  very  remarkable  symptom,  whicli  not  infre- 
quently develops  in  the  later  stages  of  i-etlnitis.  Von  GriiefeJ 
observed  this  phenomenon  first  iu  syphilitic  retinitis,  but  it  ulso 
occurs  iu  other  forms.  The  microi>:sia  often  varies  in  decree  on 
different  p<>rtion.s  of  the  retJna,  and  is  therefore  connef!te<l  with 


•  Ophtliulmrnfopischcr  IlnndiitliiH.  Taf.  xv.  Fig.  71. 
■(■  Lelirbijcb  ilcr  0|)l)t.)itL)ni(i4co[ii<^,  pag,  3til. 
X  Arcb.  r,  Opbtb.,  B.  xii.  2,  pag.  2U. 
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metnmorphopsia,  bo  (liat  ol>jocC8  a|)[>enr  not  only  dtuimslied,  but 
at  the  j*ame  time  distorted,  sljiiuiiig,  and  crooked. 

Tiie  degree  of  the  iiiicro|iLsia  may  Ire  easily  detcmiined  by  pro- 
voking tlouble  images  of  Suelleii'a  test  letlere,  standing  one  above 
the  other,  hy  means  of  a  prism  refracting  vertically.  Jn  some  cases 
I  have  btien  able  in  tlii.**  way  to  demonytnite  a  diminution  of  the 
micropsia  simultaneously  with  n  gradual  improvement  of  vision. 

Sinet!  we  cannot  as-sunie  as  an  explanation  for  t\\\»  form  of 
micropsia  eitlier  an  aotunl  diminution  of  the  retinal  images  or  a 
false  estimation  of  their  slze^  nothing  remains  but  to  refer  the 
phenomenon  to  the  loss  of  a  certain  proportion  of  the  sensitive 
elements  in  the  macula  lutea. 

Ketinitis  occurs  most  frequently  as  the  tvjnsequenoe  of  some  oon- 
stitutioiial  disease.  The  ophthalmosi'ope  has  shown  that  Brigbt's 
diseiuse  and  syphilis  arc  the  most  frequent  causes;  leuoemia  should 
also  be  mentionetl.  Anatomical  examinations*  have  likewise 
shown  it  to  be  due  to  septic  proeessas  in  the  soft  parts,  to  gan- 
grenous bronchitis,  purulent  pericanlitis,  pleuritis,  or  jieritonitis, 
and  to  seuile  gangrene.  The  anatomical  ehaiiges  in  retinitis septiea 
consist  in  hemorrhages,  ami  small  white  spots  formed  by  thickened 
nerve  fibres  and  fatty  degenerated  connective-tissue  corpuscles. 

For  the  most  part,  the  etiology  of  retinitis  is  distinotly  indicated 
by  the  form  of  the  disease,  and,  as  the  disease  has  very  varied 
clinical  histories,  it  is  desirable  to  distinguish  clearly  these  different 
forms. 

The  simplest  form  is  that  Jn  which  the  retina,  near  the  optic 
nerve,  is  moderately  elondwl  and  swollen,  while  only  sligl»t 
changes,  such  as  redness,  clouding,  etc.,  can  be  recognized  upon 
tlie  optic  disc.  The  retinal  veins  ai-e  more  sinuous.  Hemor- 
rhages very  rarely  occur.  Kxposure  is  not  infre<|Uently  the  cause 
of  such  cases, — for  instance,  su<lden  wetting  when  the  body  is 
warm,  ccMiling  the  hea<],  etc.  It  also  occurs  simultaneously  witii 
otlier  rheumatic  symptoms.  Wfth  proper  treatment  it  may  run  a 
fttvomble  course  in  a  few  months.  Leeches  upon  the  teiuplc, 
a  mild  depurative  and   diaphoretic  treatracot,  protection  from 

•Dr.  M.KoUi.Vircbow'i  Arch.,  B.lr.,  and  Deutsche  Zeilach.f.Cliirur^e, 
B.iS.pag.  471. 
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exposure  to  cold,  and  complete  rest  for  the  eyes,  generally  prove 
sufiicient. 


Another  group  of  cases  is  characterized  l>y  frequent  liemor- 
rhajras,  which  accompany  tlie  olher  .«VM)ptom!i<  of  reliiiitis.  The 
individuals  atfecttHl  ai*c  generally  thofje  sufiering  thtm  some  anom- 
alies of  the  circulation.  Plethora  atxiominalis  and  Habitual 
con^^tion  of  the  head  are,  therefore,  the  most  frequent  caufses 
of  this  form  of  disea-se,  which,  on  aco*iunt  of  the  frequemy  of 
the  hemorrhages,  may  be  cnileil  Ketiuilia  hiemorrhagica.  The 
ap|>earances  in  this  form  are  modifiwl  in  a  very  iie<Miliar  manner 
by  the  prcix>nderanoe  of  the  lieniorrhagoni.  All  that  has  l>ecn  said 
in  reference  to  the  course  and  prognosis  of  retinal  hemorrhages  is 
a{so  applicable  here.  The  prognosis  of  retinitis  hreniorrhaj^ica  is, 
therefore,  genenilly  quite  favorable.  Above  all  things,  the  be- 
havior of  the  niaculn  hitea  is  to  be  observed,  as  it  seldom  CKciipes 
when  the  hemorrhages  bcctjme  fre<|ucnt. 

The  disorganizution  of  retinal  tissue  aiused  by  the  hemorrhages 
is  irreparable;  moreover,  the  inflummatory  process  appears  to  l)e 
much  protraeteil  by  the  presence  of  the  extravaf^ated  blocMl.  I 
have  seen  ciUes  in  which,  after  one  and  a  half  or  two  years,  there 
were  still  opacity  of  the  retina  and  liypurajniia  of  the  veins. 

The  treatment  should  be  derivative,  with  especial  attention  to 
any  existing  disturbauees  of  the  circulation  in  diHtant  orgsfits. 

Syphilitic  retinitis  generally  occurs  simidtaneously  with  other 
local  sj'mptoms  of  constitutional  syphilis,  or  follows  shortly  after 
them.     Often,  but  not  always,  it  occurs  hi  both  eyes. 

It  is  character! zefl  ophthalraosci^pically  principully  by  a  difTnse 
gray  clouding,  which  extends  from  the  optic  disc  over  a  consid- 
erable portion  of  the  retina,  and  particularly  along  the  larger 
vessels.  The  veins  are  only  moderately  dilate*!  and  curved;  the 
optic  disc,  to«>,  generally  api>eai's  but  slightly  cloudetl ;  it  is  only 
seldom  that  it  shows  any  considerable  swelling.  Hemorrhages 
are  not  generally  present,  but  may  exceptionally  occur.  Irregu- 
larly shajK'il  dull  patches  are  often  obitervcd  in  the  relinii, 

A  very  frtt|UGut  complication  is  a  delicate  clouding  of  the  vit- 
reous lK)dy,  when  iritis  or  choroiditis  syphilitica  is  present,  or  even 
without  these.     It  is  at  first  often  so  6ne  that  its  ophtlialmosoopio 
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diagnosis  without  ntmpinc  mydriasis  is  scarcely  possible ;  at  a  later 
stage  it  becomes  very  dititinct. 

Aside  from  the  difficulty  of  recognizing  this  condition  of  tlie 
vitreous  lx>dy,  its  existence,  when  Mtablishcd,  raises  further  ques- 
tions. 

The  changes  in  the  retina,  as  Mauthner*  correctly  remarks,  are 
frequently  so  slight  as  to  aj>i»ear  lilcc  delicate  vitreous  membranes 
projecting  from  the  retina.  If  now  one  has  satisfied  liim&elf  of 
the  existence  of  such  a  clouding,  he  m.iy  still  remain  in  doubt  as 
to  whether  retinitis  exists.  The  hypenemia  of  the  retinal  veins, 
and  the  posfiibfe  presence  of  hemorrhages,  or  otlier  changes,  fur- 
nish, then,  the  points  ui>on  which  to  ruly  in  making  the  diag- 
nosis. 

Occasionally  one  sees  also  in  syphilitic  retinitis  a  swelling  sur- 
rounding the  optic  nerve,  like  a  wall  elevated  above  the  surface  of 
the  optic  disc,  and  tlicrcfore  due  to  a  thickening  of  the  external 
layers  of  the  retina.  The  same  ap|}earance,  however,  also  occurs 
independent  of  syphilis. 

The  course  of  this  form  of  retinitis  is  quite  varied.  With 
proper  iroatrac'iit,  the  majority  of  cases  recover  in  from  six  to 
eight  weeks,  but  other  eases  prove  very  obstinate.  Atrophy  of 
the  retina  and  of  the  optic  nerve  may  occur  from  a  slow  thinning 
and  increasing  anaemia  of  the  arteries. 

Von  Gnicfcf  descril>es  a  recurring  central  retinitis  as  a  peculiar 
and  quite  rare  form.  Its  connection  with  syphilis  was  prolmblc, 
from  the  fact  that  in  the  seven  cases  which  were  obserx'cd,  syphilis 
had  formerly  existed. 

The  disease  is  characterized  by  a  sudden  disturbance  of  vision, 
which  at  first  after  a  few  days  disappears  spontaneously,  to  return 
again  after  some  weeks  or  months.  The  intervals  arc  at  first  free 
frttm  all  di>turlmnop!s  of  vision,  but  later  the  attacks  last  longer 
and  vision  is  not  fully  restored  during  the  interx'uLs.  Asa  rule, 
the  ilisease  appears  to  occur  on  Iwth  sides,  and  may  cause  temi>o- 
rary  blindness  when  the  attacks  affect  both  eyes  at  the  same  time. 
The  ophthalmoscopic  examination  shows  as  cause  for  the  diV 
turljauce  of  vision  a  delicate  clouding  in  the  region  of  the  macula 


*  Lebrbuch  der  Ophlbaluiodcupio,  pag.  S69. 
t  Arch.  f.  OjibUi.,  15.  xii.  2,  pag.  211. 
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lutea;  it  h  greatest  at  the  fovea  centralis,  and  from  that  jwint 
diminishes  gradually  in  all  directions.  The  neigldxjthood  of  the 
optic  disc  remains  free,  or  at  most  shows  a  slight  cionding  on  the 
outer  &ide. 

During  the  inter\*als  which  arc  free  from  inflammation  the 
afTectcd  portion  of  tlie  fundus  in  recent  cases  apjjears  quite  nor- 
mal ;  later  there  remains  a  slight  gray  clouding  in  the  neighbor- 
hood of  the  fovea  centralis;  finally,  there  may  be  a  deposit  of 
black  pigment  |)atche8. 

The  ux'alniout  of  syphilitic  retinitis  is  exactly  that  of  secondary 
syphilis  in  general. 

A  very  characteristic  form  of  retinitis  is  that  which  occurs  in 
connection  with  albuminuria.  It  always  aflocts  both  eyes,  although 
rot  always  in  the  same  degree.  The  characteristic  leatures  of  tlie 
ophthalmoscopic  image,  aside  from  the  oitlinary  signs  of  retinitis, 
jnch  as  hyi>enemia  of  the  veins  and  clouding  of  the  optic  disc 
and  surrounding  i-ctina,  are  hemorrhages  and  a  number  of  white, 
bright,  glistening  patches  in  the  fundus. 

The  hemorrhages  generally  apiiear  in  the  form  of  large  round 
blood-red  patches,  or  they  may  be  striatetl  if  they  occur  in  the 
tliicker  portions  of  the  nerve-fibrc  layer;  moreover,  tlicy,  like 
other  hemorrhages,  may  break  through  into  tlie  vitreous  Inxly, 
Only  seldom  are  they  very  copious,  and  still  more  seldom  arc  they 
entirely  absent. 

The  bright  spots  occupy  principally  the  posterior  portion  of  the 
retina,  and  extend  forward  sitarccly  as  far  as  the  equator.  They 
may  approach  so  near  the  optic  nerve  as  to  touch  its  margin,  but 
generally  there  is  a  slight  distance  between  it  and  thetn.  At  a 
later  stage  they  crowtl  closer  together,  esjiecially  near  the  optic 
nerve;  they  increase  in  extent,  and  several  of  them  joining 
together  assume  very  irregular  forms,  having  a  white,  fatty  ap- 
penrnnce,  and  running  out  t^>ward  the  periphery,  especially  along, 
the  course  of  the  retinal  vessels,  in  ragged  points,  or  ending  in  a 
great  numl)Gr  of  fine  white  dots.  It  is  only  occasionally  that  these 
white  spots  are  so  large  that  they  surround  tKe  optic  disc  completely. 

The  inimcfliate  neighborhood  of  the  optic  disc  generally  shows 
a  gray,  rwl,  uniform  or  finely  striated  opacity,  which  hides  the 
boundary-line  of  the  optic  disc.     The  tissue  of  the  optic  uerve 
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itself  appears  somcwlmt  cloude<l,  but  it  is  only  oxceptionally  tliat 
the  exlstcufc  of  an  actual  ncurititi  is  shown  by  an  evident  swelling. 

At  a  later  stA^  the  retinal  vessels,  especially  those  near  tbe 
optic  nerve,  appear  to  be  apconipanied  by  white  lines,  which  are 
to  be  referretl  to  a  thickeuiuj^  of  their  adventitial  coats. 

In  this  form  of  retinitis  there  is  relatively  often  seen  the  above 
mentioned  stellate  grouping  of  fine  white  dots  or  lines. 

The  [loripheral  |>ortion  of  the  retina  in  front  of  the  equator 
generally  romains  unchan^'d. 

Choroiilal  changes  frequently  occur  simultaneously.  They 
a|)p<>ar  as  brighter  or  darker  patches  in  the  layer  of  pigment 
epithelium.  In  many  cases  alight  dilFuse  opacities  of  the  vitreous 
body  are  also  observed. 

Vision  varies  greatly  in  degree.  It  may  he  so  good  that  ordi- 
nary print  can  still  be  read,  or  it  may  have  become  so  diminished 
tliat  only  fingers  can  be  counted  at  a  short  distance.  The  visual 
field  remains  free  exi^ept  when  detachment  of  the  retina  lias  oo 
curred,  as  it  exceptionally  does  in  the  later  stages,  llotinitis  albu- 
minuric:! appears  but  very  schlom  to  lead  to  complete  hlindnese.* 

Probably  in  a  considerable  number  of  cases  the  retinal  disease 
would  disappear  if  life  were  prolongc<h  In  those  cases  in  which 
the  gonfiral  <'(iniHtion  allows  of  a  better  prognosis,  as,  for  instance, 
in  albuuuuLiria  following  scarlet  fever,  or  during  pregnancy,  ob- 
servation h:Ls  provetl  that  the  retinitis  nmy  ilisappear  entirely,  or 
nearly  so,  while  at  the  same  time  there  is  an  improvement  in  vision. 
For  instance,  in  a  case  which  occurred  during  confinement,  I  saw 
recovery  from  the  retinal  disease  and  complete  restoration  of 
vision;  both  afTcctiona  recurred  at  a  later  confinement,  and  again 
there  was  recovery,  In  the  second  attack  both  eyes  had  at  the 
height  of  the  disease  a  vision  of  only  about  y^.  Five  months 
later  one  eye  bad  a  vinion  of  ^,  the  other  of  only  about  i,  as  in 
its  macula  tutea  a  dark,  somewhat  prominent  spot  had  remained. 

Tbi.s  form  of  retinitis  may  be  develoiKnl  in  all  cases  in  which 
albuminuria  hascontinuc<lfor  some  time.  This  is  most  frequently 
the  case  in  chronic  Bright  s  disease ;  still,  the  existence  of  retimd 


*  Only  two  such  cases  nro  known.  Sec  V.  Gracfe  (Arch.  f.  Ophih.,  B.  ri.  2, 
pRg.  285),  nnd  Dnnilon  (Van  dcr  Loan,  Ovor  gcxicbtutoornissen  bij  albumi- 
nuric, Utrecht,  1865,  pag.  216). 
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ins  also  been  demonstrated  in  connection  witli  croupous 
,  with  amyloid  de^Micration  of  the  kidneys,  and  in  the 
passive  hypencniia  of  the  kidneys  caiisc(]  by  pregnancy.* 

Only  very  few  statements  liave  been  made  resiHxrting  the  rela- 
tive frequency  of  its  occurrence  in  Briglu'd  disease.  Among  41 
patients,  Frerichsf  found  six  with  more  or  loss  disturbance  of 
vision.  Lebert|  states  that  in  one-fifth  of  his  oases  tliere  were 
amblyopic  symptoms.  Botli  statements  are  probably  somewhat 
exaggerated,  since  all  the  disturbances  of  vision  there  ol>servcd 
ought  not  to  be  attributed  to  retinitis.  Among  157  cases  of 
Briijht's  disease,  \Vngner§  found  18  in  which  there  were  visible 
changes  in  the  eye,  Imt  only  10  of  tliese  cases  could  with  certainty 
be  considered  as  retinitis  albuminurica, 

l^tinal  diseitfc  probably  occurs  in  alM>ut  six  or  seven  jier  cent. 
of  all  cases  of  Bright's  diseast*.  The  circumstance  that  the  ex- 
istence of  albuminuria  is  frcfpicntly  first  discovered  by  an  oph- 
tlialmoscopic  examination,  would  perhaps  indicate  that  this  retinal 
affection  is  relatively  must  fretjueut  in  those  cases  which  run  an 
irregidar  course. 

The  treatment  is  directed  toward  the  general  disease.  The 
usual  antipEdogistic  treatment  of  retinitis,  by  bleeding  and  so 
forth.  Is  seldom  indicated.  Ucst  and  protection  of  the  eyes  from 
all  hurtful  iuflueuoea  is  therefore  fretiueutly  the  only  additional 
treatment  made  necessary  by  the  retinitis. 

The  uriemic  amaurosis,  which  likewise  occurs  in  Bright's  dis- 
ease, is  of  a  different  nature,  and  has  nothing  iu  common  with 
retinitis. 

Leuoemia  Is  likewise  one  of  the  general  diseases  which  may 
cause  retinitis.  It  is  noliccfl  that  in  many  cases  of  leuca^nia  the 
oplitlialmoscopic  jiicturc  oi'  the  fundus  is  of  a  remarkable  orange- 
yellow  color,|l  due  jierhaps  to  the  lighter  color  of  the  bUnxl,  caused 
by  the  preponderance  of  the  white  blood -corpuscles.     It  is,  how- 


*  Tnttibo,  Deutsche  Kliaik,  IBoO,  pag.  67. 

t  Die  Bri^htiBche  Nicrenkranltlicit,  pag.  98. 
X  Uaiidbuch  clcr  prsctL^iHicii  Mitla-in,  lSr>0,  B.  2,  pa^.  008. 
i  Virohow'8  Archiv,  18e7,  B.  xii. 

11  Llebrcich,   DciitJK:1ic  Klinik,  1861,  No.  £0;  O.  Backer,  Arch.  f.  Augen- 
und  Ohreobeilk.,  1809,  B.  i.  pag.  dA. 
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ever,  noticeable  that  thiti  omnge-yellow  color  of  the  ophthalmo- 
scopic picture  is  wanting  in  other  cases  of  decided  Icnaemia,*  and 
tliat  it  may  even  he  wanting  in  caises  of  decided  retinitis  due  to 
this  disease.! 

Tlie  ojihlhidnuiscopic  slgrn  of  retinitis  lenciwnicti  are  o|iacity 
of  tliu  retina  abivub  tht^  uptic  dii^c,  mure  or  less  uuuieruus  hemor- 
rhages, and  small  white  round  spots,  the  largest  of  which  do  not 
e<]ual  the  size  of  the  optic  disc. 

I'Vequeully  hetuorrluiges  appear  upon  these  spots,  the  largest 
of  thcu)  evidently  forming  a  prominence  above  the  inner  surface 
of  the  rotina. 

These  spots  do  not  oct-ur  iti  the  neighborhood  of  the  optic  disc 
and  macula  lutea  alone,  but  may  be  found  in  the  more  (peripheral 
portinns  of  the  fundus.  In  many  cases  white  lines  are  seen  along 
the  wjurse  of  the  retinal  vessels.  Siimisch  observetl  simultaneously 
churLHdal  heinorrbagcH.  Lebcr|  found,  u|>ou  anatomitul  exami- 
nation, that  the  white  spots  consisted  simply  of  accumulations  of 
lymjili-corpuHcles.  He  is  inclined  to  regard  tlieni  as  small  leu- 
creinic  tumors,  such  as  Vircliow  lius  pointed  out  in  various  nrgaiis, 
and  such  as  Eugel-Reimers§  saw  in  the  choroid.  The  white  lines 
along  the  course  of  the  vessels  appear  also  to  be  causwl  by  lymph- 
corpuscles. 

Recklinghausen  found  the  bright  spots  in  one  case  to  be  com- 
posed of  thickened  norve  fibres. 

The  disturbanoea  of  vision  ap|>ear  generally  to  be  very  slight, 
unless  the  macula  lutea  Is  considerably  affected  or  a  hemorrhage 
intti  the  vitreous  has  i}L'currwl.  Sanilf«*h,  in  a  case  Nvlneli  be  hail 
under  ol>scrvation  for  a  year  and  a  half,  saw  the  hemorrhages  and 
the  white  spots  disappear;  after  4  or  6  montlts  they  ap]>earcd 
anew,  and  later  disapiwartnl  again  ;  still,  the  posterior  portion  of 
the  retina  remained  all  the  time  slightly  clouded. 

Under  the  name  of  "retinitis  nyctalopica"  Arltjl  describes  a 
form  of  retinitis  characterized  less  by  the  ophthalmoscopic  appeal^ 


*  Knapp,  Klin.  Monatsbl.,  1BG8.  pag.  85.*^;  O.  Beckor,  b.  k.  O.,  pag.  106. 

tSimiscb,  Klin.  Moimlflltl.,  18<U),  pag.  806. 

J  Klin.  MonlU!^bI.,  18«9,  png.  312. 

{  CciitralblaU  dor  mcd.  Wisscnftchaft.,  1808,  pog.  88(t. 

II  Bericbt  I'lbor  die  Wioner  Augonklinik,  'Wion,  1807,  p&g.  123. 
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y.  Its  most  prominent  symptoms 
aru  the  dazzling  rati.sed  by  full  tiayliglit,  and  diminution  of  vwion. 
This  last  symptom  is  oWrved  when  looking  at  distant  objects, 
which  appear  to  the  patients  a-s  if  veiled  by  n  light  cloud,  or  as  if 
theinter\*ening  air  were  in  vibration.  The  diminution  of  vision  is 
generally  not  very  great,  and  the  visual  field  remains  free.  Both 
eyes  arc  always  attacked  at  the  same  time,  and  in  tlie  same  or 
nearly  the  same  degree.  The  oplitl)almosco]>ic  changes  are  said  to 
be  a  sliglit  uniform  or  ]>crhaps  striated  opacity  of  the  retina  near  the 
optic  disc,  or  extending  outward  toward  the  equator.  The  limits 
of  the  optic  <!iflo  are  more  or  less  indistinct;  its  surface  in  most  cases 
'  is  decidedly  redder  than  normal,  in  other  cases  it  sliows  no  changes. 

Arlt  is  of  the  opinion  that  hy]}em;mta  and  inflammatory  changes 
exist  at  the  beginning  in  all  cases,  but  that  they  frequently  escape 
observation  because  ihty  are  so  sliglit  as  to  be  overlooked  in  the 
examination  in  the  upright  image^  or  because  at  the  time  of  the 
examination  they  have  already  partly  disappeared. 

The  disturlmncHss  of  vision  generally  txjme  on  suddenly,  and 
eitlier  remain  a  long  time  tlie  same  or  increase  gradually  to  a 
degree  where  they  may  remain  months  or  year«  stationary,  without 
going  on  to  complete  blimlncss.  Arlt  regards  dazzling  by  bright 
reQected  or  ditlhse  sunlight  as  tiie  principal  «utse  of  this  affet^tion. 
The  treatment  requires  rest  for  the  eyes  and  protection  from  the 
light,  the  j»ntient  remaining  in  a  modenitely  dark  room  or  using 
blue  or  smoked-gray  spectacles.  Simultaneously,  mild,  cooling 
cathartics,  moderate  bleeding,  and,  as  a  special  treatment,  a  metlioil- 
ical  ase  of  mercury,  either  by  inunction  or  in  pills  of  corrosive 
sublimate  in  inercosiug  doses,  should  be  resorted  to. 


It  may  finally  be  meiitionetl  that  in  many  cases  besides  those 
of  tlic  above  named  syphilitic  form  ttie  retinitis  is  localized  in  the 
^ion  of  the  macula  lulea.  The  fovea  centralis  never  participates 
in  this  opacity,  and  for  that  reason  ap]>cars  as  a  bright-red  spot^ 
whose  lx)unJaries  are  all  the  more  distinct  for  the  reason  that  just 
here  the  white  discoloration  of  the  retina  is  greatest.  Toward  the 
periphcr}*  the  opacity  gradually  disaippcars,  extending  often  scarcely 
beyond  the  region  of  the  macula  lutea.  Tt  may,  however,  rcaoli 
the  margin  of  the  optic  disc,  or  at  certain  i)oiuts  extend  stilt  far- 
ther outward.      Hemorrhages  often  exist  at  the  margins  of  these 


opacities.  In  the  course  of  a  few  wetiks  the  opacity  begins  to 
clear  up  at  its  periphery,  antl  may  finally  absolutely  disap|>ear; 
meanwhile  a  whitisEi  discoloration  nf  the  optic  disc  develops. 

In  many  cafies,  as  the  retina  clearg  up,  noticeable  changes  be- 
w)me  apparent  In  the  pigment  epithelium  layer  of  the  choroid. 
In  some  of  theise  cajsea  I  have  also  observed  severe  pain  at  the 
beginning  of  the  disease,  »o  that  the  entire  process  oupht  to  be 
regarded  as  a  chon>iditis  with  infiltration  of  the  retina,  wliile  those 
cases  which  recover  without  leaving  any  choroidal  clianges  should 
be  regarded  simply  as  a  retinitis  of  the  macula  lutea.  Another 
oi)htl)almo8cnpic  cliange,  however,  frequently  remains  after  the^e 
cases,  namely,  a  whitish  discoloration  of  the  optic  disc,  with  con- 
traction of  the  retinal  arteries. 

The  distvirbances  of  vision  are  always  very  great,  tlie  subjective 
symptom  Unng  that  of  a  d:irk  fjpitt  covering  the  object  fixed.  It 
can  often  be  proved  experimentally  by  the  ophthalmof*oope,  or 
by  some  other  method,  that  tlierc  is  no  sensation  of  light  in  tlte 
macula  lutea.  E<rcentric  vision,  however,  remains  unaffected. 
AVitli  ttie  disappearance  of  the  opacity,  vision  may  likewise  im- 
prove, but  generally  remains  somewhat  defective. 

The  anatomical  changes  in  retinitis  are  best  known  in  that 
form  caused  by  Bright's  disease,  for  the  reason  that,  in  consequence 
of  the  fatal  rewulL  of  the  general  disease,  it  is  just  such  cases  in 
which  the  opportunity  for  examination  is  most  frequent.  It  ap- 
pears, however,  that  this  form  of  retinitis  presents  no  anatomical 
peculiarities  specially  differing  from  the  others. 

Wc  will  here  consider  the  anatoniic:d  changes  specially  as  ac- 
counting for  the  ophthalmoscopic  appearances  and  the  functional 
disturbances. 

The  opacity  of  the  retina  is  to  l>e  explained  by  quite  a  number 
of  auatomical  changes.  And  first,  it  is  here  to  be  mentioned  that 
in  many  cases  at"  retinitis  albuininnrim  Virchow*  and  H.  Milllerf 
found  a  very  unusual  tougbne^  of  the  retina,  and  Muller  thought 
it  probable  that  this  might  in  some  way  be  u  causcx»f  the  dttluse 
opacity. 


*  Verhmidfungen  der  phy«.  med.  GoHiIlBch.  zu  Wurzburg,  B.  ix.  pftg.  86. 
t  Wiirxburgcr  med.  Zcitschrift,  i.  1860,  pag.  50. 
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The  more  dense  opacities  may  depend  upon  inflaramatory  infil- 
tration of  the  retina.  Coagiila  which  are  found  in  the  retina, 
partly  as  tt)mpac't,  tough  nix'wt's,  and  partly  in  lihrous  lorm,  may 
to  some  extent  liave  been  present  daring  life,  but,  for  the  most 
[>art,  these  ap]>earances  seem  to  be  due  to  the  action  of  the  harden- 
ing Hiiid  n[>on  the  coagulablc  &ul)stanoes. 

An  important  part,  too,  is  played  by  the  hypertrophy  of  the 
connective  tiesue,  which  may  occtir  in  all  the  layers  of  the  retina. 
The  process  ia  one  of  thickening,  with  pnilil'eration,  hypertrophy, 
and  often  fatty  de|;^neralion  of  the  normal  connective-tissue  nuclei 
and  cells.  The  nuclei  of  the  rndia!  fibres,  too,  are  found  enlarged 
and  prolifenitttl  in  cases  of  acute  retinitis. 

In  the  granular  layer  of  the  retina  the  hy|>ertrophy  of  the  con- 
nective tissue  causes  an  elongation  of  the  radial  fibres  and  an 
uuevenne&s  in  tlie  surface  of  this  layer.  But  this  change  is  not 
uniform  throughout  the  entire  retina,  some  small  jwrtions  remain- 
ing unchanged,  or  nearly  so.  The  external  surface  of  the  retina 
ie  thus  made  uneven.  A  perpendicular  section  is  seen  to  be  full 
of  furrows,  all  Iine<l  by  the  delicate  mcmhrana  tiniitans  externa^ 
and  filled  with  broken-<lown  rods  or  choroidal  epithelium. 

This  growth  of  the  outer  ends  of  the  radial  fibre.-*  may  cause 
disturlmnccs  of  vision  by  destruetion  of  the  layer  of  the  roils  and 
cones,  and  may  also  leave  visible  choroidal  changes. 

The  bright  spots  which  are  seen  in  retinitis  are  mostly  due  to 
two  changes,  namely,  a  fatty  degeneration  of  the  retina  and  a 
peculiar  metamorphosis  of  the  nerve  fibres. 

Fatty  degeneration  is  most  frefjucnt  in  retinitis  albuminurica, 
and  principally  in  the  external  granular  layer,  hut  may  occur  in 
all  the  laycra.  It  also  occurn  in  other  forma  of  retinitis,  and 
has,  for  instance,  l)een  several  times  demonstrated  anatomically  in 
neuro-retinltis  caused  by  cerebral  disease* 

In  the  ophtlialraoscopic  image  the  fatty  degenerations  gener- 
ally appear  as  round  siwts,  seldom  os  striated  opacities.  Still,  in 
one  case  of  Bright's  disease  Vircbowf  found  a  radiating,  striated 


"  Nagel,  Arch.  f.  Ophth.,  B.  tI.  I,  p*g,  196;  Ko«l©r,  Twee  gevtllen  ran 
tumor  cerebri,  Utrecht,  1866,  pag.  13;  H.  Schmidt  und  Wegner,  Arch.  f. 
Ophth.,  B.  XV.  3,  pag.  268. 

f  Verhandl.  der  pbys.  med.  OetclUchafl  zu  Wiirjtbiirg,  B.  x.  pag.  86. 
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opacity  of  the  retina,  caused  by  a  fatty  degeneration  of  the  inner 
ends  of  the  radial  fibres,  close  to  the  inembrana  limitana  interna. 
In  a  case  which  1  examined,*  a  stiffness  of  the  retina  was  caused 
by  a  Hclei-otic  thickening  of  the  ends  of  these  fibres. 

Some  of  the  most  striking  chang(«  seen  in  retinitis  are  fonnd  in 
the  nerve  elements  of  the  internal  layers.  Heyman  and  Zenkerf 
and  VircliowJ  observed  this  degeneration  in  Bright*s  disease,  first 
in  the  inner  luyerB  of  tlie  retina,  and  referred  it  to  on  ufTection  of 
the  ganglion  cells,  which  Virchow  designated  as  sclerosta.  The 
rcsenibhince  of  tliese  sclerosed  elements  to  ganglion  cells  is  VQxr 
great ;  bnt  II.  Muller§  showed  that  in  the  case  examined  by  liim 
thcfic!  form  elements  were  the  result  of  changes  in  the  ner\'e  fibres. 

The  sclerotic  thickening  affected  principally  the  varicosities  of 
the  nerve  fibres.  Several  successive  varicosities  are  seen  to  increase 
in  tliickness,  till  suddenly  one  such  swelling  attains  an  enormous 
size.  The  fibre  in  the  immediate  neighborhood  Is  also  thickened, 
but  soon  returns  to  its  normal  si/c.  The  individual  swellings 
appear  as  sharply  defined,  roundish,  club-  or  re  tort-aba  i>ed  bodies, 
are  generally  finely  grunulale<l,  and  not  infrequently  show  a 
nucleus  in  their  interior. 

In  spite  of  tlie  i-emarkable  similarity  of  these  bodies  to  ganglion 
cells,  it  seemed,  in  a  case  which  I  examined,  that  Miiller's  view 
as  to  tlieir  nature  is  the  correct  one,  from  the  fact  tliat  by  far  the 
most  of  them  showed  no  signs  of  a  imeleus,  and,  morw>ver,  the 
same  cliatiges  in  less  advanced  stages  were  visible  on  the  nerve 
fibres. 

In  another  form  of  sclerotic  degeneration  of  the  ner\'e  fibres 
there  is  a  unifunn  thickening  along  a  considerable  extent  of  the 
fibres,  but  no  club-shaped  swellings.  The  nerve  fibres  increase 
gradually  in  thickness,  retain  for  a  shorter  or  longer  disbtnce 
their  abnormal  size  wiih  but  slight  variations,  and  genendly  pre- 
sent a  pecidiar  opalescent  appearance. 

Laatly,  easiis  occur  in  which  this  o]>alesccncc  is  wanting.  The 
fibr^  then  ap|)ear  simply  iiypertrophied,  usually  presenting  in 


*  Arch,  r  Ophth..  B.  vi.  2,  png.  290. 
t  Ibid.,  B.  ii.  2,  pttg.  142. 
X  Arrh.  f,  pRlh.  Armt.,  B.  x.  iMig.  170L 
j  Arch.  f.  Ophth.,  B.  ir.  2,  pag.  41. 
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their  coarse  or  in  their  varicosities  dark  poiuts,  Tvhich  proiaibly 
are  fat  dro|>s. 

Ah  a  rule,  the  sclerosed  nerve  fibres  lie  in  groups,  cau-sing  swell- 
ings, wlilch  protrude  inward  above  the  surface  of  the  retina,  and 
also  encroach  on  the  cxternnl  layers. 

It  amy,  however,  happen,  an<l  that  principally  at  the  intraocular 
extremity  of  the  optic  nerve,  that  the  hy|>ertrophy  of  the  nerve 
fibres  does  not  octnir  at  clnum^icrilKMl  pniiits,  Init  iiKirt:  difTiisely 
over  tlie  surface  of  the  ilUc  atid  the  adjoining  retiua,  thereby 
contributing  to  a  swelling  of  the  disc  and  retina. 

Tlie  sclerose*!  portions  appear  ophthalmnscnpically  as  bright, 
glistening,  wliite  spots.  It  is  doubtful  whether  in  all  wises  they 
can  be  distii»guishc*l  from  eircurnscriljod  fatty  degeneration;  still, 
&Diall  bright  spots  lying  in  front  of  the  retinal  vessels — that  is, 
belonging  to  the  inner  retinal  layers — may  with  great  probability 
be  regardwl  a.s  composed  ni'  selern*>e4l  fibres.  It  is  also  of  diag- 
nostic importance  that  liemorrhages  frequently  occur  among  these 
degoneratwl,  st^Ierotir  nerve  elenjent-s.  , 

Such  s[X)t8  are  as  likely  to  occur  in  tlie  optic  disc  as  in  the 
retina. 

These  peruliar  changes  were  first  observed  in  retinitis  albu- 
niinurica,  but  later  iiivcstigiiliotis  have  shown  tliat  they  may  be 
absent  in  this  and  present  iu  other  forms  of  retinitis. 

Wituiidri  of  the  retina  may  cause  a  varicose  hypertrophy  of  its 
nerve  fibres.* 

Virchowf  was  also  the  first  to  oljserve  iu  Bright's  disease  a 
sclerotic  infiltration  of  the  walJs  of  the  retinal  vcwsels.  They  are 
also  frequently  lound  to  be  undergoing  fatty  tlogeneration. 

Choroidal  cluinges  occur  in  connection  with  retinitis.  VirchowJ 
found  in  ]3rlght*s  disease  round  mosses  of  sclerosed  suitstmice  in 
the  choroiil,  corresponding  to  the  <legenerated  portions  of  the 
retina.  H.  Muller§  demonstrated  a  thickening  of  the  walls  of 
the  vessels  by  a  homogeneous  strongly  refracting  suiwtanee.  In 
some  cases  which  I  examined  there  was  likewise  sclerosis  of  various 


•  Koth,  Beitr&gc  sur  Taricdfcn  Hypertrophic  derNerTonfikaern,  Virchow'a 
Arch.,  B.  Iv. 

t  Arch.  f.  piith.  Anat.,  B.  x.  pug.  178. 

J  Verhnndlungen  di-r  physir.  Gesi'llBcbaft  zu  Wiirzburg,  B.  x.  pag.  8*1. 

2  WurKbiirj^tT  ined.  ZciUclirift,  B.  i. 
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vascular  regions  in  certain  parts  of  tlie  choroid.  The  pigmeot 
epithelium  covering  these  places  had  gcucrtilly  lost  its  color.  I 
could  not  Hatisty  myself  tl»at  tliere  was  any  ilirect  relation  with 
the  retinal  changes.  This  co-affection  of  the  choroid  has  been 
shown  to  lie  most  frequent  in  Bright*^  disease.  St^hmidt  and 
Wcgner,*  however,  oWrved  sclerosis  of  tlie  choroidal  vessels  in 
connection  with  neuro-relinitis." 

In  one  case  of  retinitis  alhuminurica,  H.  Miillert  demonstrated 
a  jjceuliar  embolinm  of  the  fine  ciliary  arteries.  A  hypertrophy 
and  fatty  degeneration  of  the  lining  epithelium  of  these  arteries 
was  the  cauw;  of  the  formation  of  emlxili  composed  of  dftarhwl 
aud  degenerated  eptthclinm,  young  cells,  and  free  fat,  which  were 
found  hen'  an<l  there  wedged  in  the  smaller  branches. 

In  the  vitreous  were  found  ojmcities  cou:*isting  of  a  countless 
nujinbor  of  interwoven  threads.  Possibly  there  may  be  often  a 
peculiar  post-mortem  form  of  fibrin  coagulation ;  Btlll,  in  the  cases 
which  I  examined,  a  difiuse  vitreous  opacity  had  been  already 
observed  ophtlialmoscopically.t 

It  has  been  already  mentioned  that  a  proliferation  of  the  con- 
nective tissue  of  the  adventitial  coat  of  the  retinal  vessels  often 
occurs,  and  that  it  is  recognized  opluhalmoscopically  by  bright 
stripes  accomj)aiiying  the  vessels. 

In  rare  cases  this  disease  extends  over  a  large  part  of  the  retina, 
and  is  of  so  high  a  degree  that  the  vessels  appear  transformed 
into  white  slrings,  which  still  often  betniy  the  blotxl  within  them 
by  a  thin  red  line,§ 

IwannfT.II  who  found  a  similar  condition  upon  anat^imical  exam- 
ination, designated  the  dbeaso  as  "  perivascular  neuritis."  In  an 
eye  blinded  by  a  severe  injury,  besides  swelling  *ud  fcdeniatous 
saturation  of  the  intraocular  extremity  of  the  optic  nerve  and  the 
retina,  there  wa.s  found  a  very  great  thickening  of  tlie  retinal 
vessels,  wliich  appeared  as  white,  slightly  prominent  striijcs. 

Tlic  thickening  was  caused  by  a  change  in  the  adventitial  ooat, 


•  L.  c,  pag.  268. 

f  'Wur£buri;er  Died.  Zeitschrift,  B.  1. 
j  Arch.  f.  Uphlh.,  U.  vi.  3,  juig.  279  iind  2tK). 

f  NaF.'>'^  Klin.   MoimUht.  f.  Atig^nheilk.,  1904,  pag.  S»4 ;  E.  y.  Ja^^, 
Ophlhalmoncoptscher  Handatlas,  Fig.  dO,  01,  and  75. 
II  Klin.  MunaUbl.  f.  Augenheilk.,  1865,  pag.  828. 
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which  generally  was  more  develo|>ed  on  the  arteries  than  on  tlie 
veins.  Tht-se  changx^  extended  into  tlin  nptie  nerve  itfinW,  and 
consistec!  essentially  in  a  very  considerable  increase  in  tho  con- 
nective-tissue nuclei.  The  ganglion  tells  and  nerve  fibres  oi'  the 
retina  were  well  preserved. 

NEURO-RETIN'mS. 

Xctirc^-retinltis  or  neuritis  is  the  name  given  to  those  cases  in 
which  the  oplithalinoscapic  changes  are  confined  to  the  optic  disc 
or  its  tmnuKliatc  ncijrhltorliood.  The  principal  fwitnres  in  the 
ophthalmoscopic  image  are  hyperemia,  clouding,  and  swelling  of 
the  tiwtues. 

The  hyi^ncmia  is  most  apparent  in  the  retinal  veins,  which  are 
greatly  tUlatod  and  very  sinuous.  The  arteries  are  generally  some- 
what contnicted,  in  some  cases  remarkably  so.  Spontaneous  arte- 
rial pulsation  iK-curs  in  only  very  rare  «tse.s.* 

In  consequence  of  the  dilatation  of  the  numerous  small  vessels 
of  the  optic  norvc,  the  dii^o  i?.  llc^ticcably  reddon<"d,  the  (H>li»r  l>oing 
sometimes  modified  by  n  bluish  tinge,  the  retuk  lx.*ing  a  lilac  Uiade, 
which  in  such  cases  generally  extends  somewhat  uj>on  the  retina. 

The  clouding  of  the  nerve  and  neighl>oring  retinal  tisHue  causes 
the  deejx.'r  j>artii,  such  as  ttie  lamina  cribrosa,  llie  boundary-line  of 
tl»e  optie  disc,  and  some  of  the  deeper  curves  of  the  retinal  vessels, 
to  be  ol>scnred  or  alxsoluttdy  hidden. 

The  swelling  of  the  oj)tic  nerve  may  be  relatively  less  than 
that  of  the  retina,  which  consequently  ri.scs  «p  nlwut  the  di.«c  like 
a  wall.  But,  as  a  rule,  the  nerve  is  at  least  as  nuicli  swollen  as 
tlie  retina,  often,  indeed,  more,  so  that  its  intraocular  extremity 
rise*  alMivc  the  general  Hurface  of  the  retina. 

The  swelling  of  the  optic  nerve  ia  recognized  ophthalmoscopic- 
ally  in  the  .same  manner  as  are  other  variations  of  level  in  the 
fundus  of  tiie  eye.  It  is  nujst  easily  M>en  by  observing  the  conrse 
of  the  retinal  vessels,  which  rise  up  over  the  prominence  and  then 
sink  to  the  level  of  the  retina.  Those  |xirtions  of  the  vessels 
which  are  driven  forward  are  tlistinctly  visible  in  the  upright 
image;  they  present  a  greater  parallax  than  the  neighboring 
portions  lying  in  the  plane  of  the  retina. 
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The  retina,  so  far  as  it  is  involved  in  the  proeese,  presents  die 
apj»eammfs  (lescribod  under  the  head  of  ivtinitis.  But  in  many 
t!a.**s  the  opacity  h  but  sliglit,  and  is  cunliiRtl  to  the  iieighln»r- 
hoofi  of  the  optic  disc,  or  extends  soraewliat  fartlier  along  the 
course  of  the  vessels.  The  sin!i<>.**itif>i  of  the  retinal  veins  fre- 
quently extend  far  into  the  transparent  portion  of  the  retina,  and 
when  their  curves  arc  in  a  plane  perpendicular  to  that  of  the 
retina,  it  is  potv^ihle  to  recognize  an  a-deuia  of  that  niembraue. 

Striated  hemorrliages  in  the  neipld>orhood  oi'  the  optic  disc,  or 
circular  ones  in  the  nkore  [XM'iphcral  portions,  are  sometimes  seen. 
White  spots  appear  partly  in  c*>nsequent'e  of  (:ireuniscril»ed  sftle- 
rolic  degeneration  of  the  retinal  nerve  fibrcs  or  of  the  optic  nerve 
itself,  partly  as  the  exprcsMiou  of  a  fatty  degeucratiou.  There  is 
ofteu  alpo  a  peculiar  jitellatp  jnuuitation  alxtdt  the  macula  luten. 

In  the  course  of  time  the  swelling  of  the  optic  nerve  diminishes, 
the  rednet^s  disuppears,  but  the  ilisc  remains  clouded  witli  a  gray 
or  whitish  discoloration.  The  same  is  true  to  a  less  degree  of  the 
neighboring  parts  of  tlic  retina.  In  soine  cases  I  have  noticed  ul 
this  t^tage  a  remarkable  sinuosity  of  the  retinal  veins  on  the  surface 
and  in  the  neigliborhood  of  the  o|>tic  nerve,  Fre<iuently  after  the 
subsidenc*!  of  the  swelling  of  the  nerve  and  the  dejiring  up  of  the 
retina,  slight  choroidal  <'hanges  are  seen  about  the  optic  nerve, 
which  are  to  be  accounted  for  by  the  spreading  of  its  intraocular 
extremity  and  the  growth  of  the  outer  retiual  layers,  processes 
yet  to  be  explained. 

Vision  is  generally  much  interfered  with,  and  there  are  usually 
noticeable  defects  in  the  visual  field.  Still,  just  as  in  i-ettnitb*, 
and  for  the  same  reasons,  there  is  no  eorres|X)ndcucc  between  the 
ophthalmoscopic  apj^ejiranees  and  the  degree  of  vision. 

Frecpiently  during  the  course  of  the  disease  very  considerable 
changes  in  the  degree  of  vision  occtir  without  luiy  oirrespouding 
ophthuluioscopie  clianges;  or,  on  the  other  hand,  during  a  long 
persistence  of  the  disease,  very  great  ophthalmoscopic  changes 
may  take  place  with  but  slight  additional  lo«s  of  vision. 

It  is  a  remarkable  phenomenon  that  in  such  cases,  when  good 
vision  has  been  retained,  there  may  occur  a  sudden  transitory 
darkening  of  the  entire  visual  field. 

Loss  of  vision  generally  follows  gradually,  but  in  some  cases 
comes  on  with  surprising  rapidity,  so  that,  vision  being  good, 
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cMimjtletc  blimlncAs  may  t»cc«r  in  the  course  of  a  few  liours.  (Neu- 
ritis fitlminiins^  Von  Or:u*fp.) 

Neuritis  nmy  occur  as  au  iudejiGnilent  form  of  disease.  Casea 
occur  in  wliich  no  other  disense  can  be  reganled  as  the  exciting 
muse,  and  in  wliich  imlct«l  no  cause  whatever  can  he  disc<tvere<l. 
Contusions  of  the  eyel>all  or  of  the  orbital  wails  arc  bclJom  to  be 
rcgnrflcd  as  the  exciting  cause.  Many  cases  depend  upon  consti- 
tutional causes, — such  as  dij^tnrbanres  of  (lie  circulation  in  iUstant 
organs,  anomalies  of  menstruation,  etc.  Syphilis  and  lead  poisoning 
are  a\»o  named  as  causes. 

In  another  class  of  isi^es  the  direct  effect  of  hurtful  itiflucnces 
upon  (he  orbital  or  intracranial  course  of  the  ncrvo  is  evident. 
The  growtli  of  tumors  or  inilatiimatory  processes  in  ttic  orbit  as 
causes  of  neuritis  have  already  been  mentioned  on  p«ges  193  and 
194,  Such  causes  may  remain  lo<vili/rtl  in  the  <lepth  of  the  orbit, 
and  tlieir  existence  be  betrayed  by  disturbances  of  vision  and 
subsequent  atrophic  degeneration,  or  they  may  extend  to  the  intra- 
ocular extremity  of  tiie  optic  nerve. 

Finally,  various  iulracraniul  ilisca^ics,  such  as  meningitis,  in- 
Hamraalory  softening,  tumors  of  the  brain,  etc.,  may  be  oompH- 
cate<l  with  neuro-retinitis.  Kx|terienf!e,  however,  is  more  and 
more  against  the  idea  tliat  the  nature  of  the  intracranial  disease, 
or  its  connection  with  the  neuro-rettnitis,  can  be  dcterminetl  by 
any  pei'uliarilics  in  the  ophthalmnscojiic  appearances. 

In  tliis  matter  the  occurrence  of  neuro-retinitis  ia  connection 
with  brain  tumors  has  playefl  an  im]>orlant  part.  A  very  exact 
anaUlfis  of  cases  of  bruin  tumor  compHcatctl  with  retinal  disease, 
made  by  Turck*  in  1853,  developed  the  view  that  an  increase  of 
intracranial  pressure  rendered  difficult  the  emptying  of  the  oph- 
thalmic vein  into  the  cavernous  sinus,  and  that  thus  disturbances 
df  circulation  were  caused  which  extemU'<l  to  the  retina.  In  1800, 
Von  Graefef  sought  by  this  same  theory  to  cxjilaiu  the  fiivtj  wliicli 

•  ZeiUchrift  der  GeselUcJmft  der  Aerr-le  xu  Wun.  jmi;.  218.  Tiircfc  found 
no  other  elmiii^t*:)  iIiud  ri?tinul  (jetrhyinosoit,  which  is  ucvuuntod  for  by  the  fuct 
that  the  rctinitd  were  nut  t'xntnincd  till  the  fifth  diiy  aflcr  death- 

t  Arch.  f.  (Iphth.,  B.  vii.  '2,  pu^.  ."iS;  C'tmip.  Aiinii»ke,  Arch.  f.  Ojilith.,  B. 
xlx.  8,  pug.  1U5;  Kcich,  Klin.  Monui^hl.  f.  Augonhcilk.,  1874,  ]ia^.  274; 
H«inxcl,  Utwrden  diagnosiischun  Werth  df*  Auptjiupi^gL'IbL'fiindi.**  bei  iiitrii- 
crantpllen  ErkrunkiiDgeti  dt^r  Kiuder,  Jiihrbuch  fur  Kinderh^ilkundt*,  187t>, 
U.  viii.  8,  {Mig.  331. 
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his  observations  render  uudoubtoil,tliat  there  occurs  ia  connoetion 
witfi  brain  tumors  a  clmrncteristir  swelling  of  the  niTve,  which 
Hinw  that  time  has  gwicral])'  bet'u  mllwl  '*  Stauun^iiapille."* 
The  j^eeuliarity  of  the  condition  consists  in  a  considerable  and 
often  irregular  swelling  and  retlness  of  tlie  optic  nerve,  in  eoniw- 
quetiee  of  the  dilatation  of  the  delicate  vesseln  which  minifv  tn 
its  intraocular  exiremitv.  The  veins  of  the  retina  are  likewise 
dilut(Kl  and  abnormally  curved,  wiiile  the  contents  of  tlie  arteries 
are  diminished.  If  the  condition  Ite  due  to  cerebral  causes,  both 
eyes  are  always  afrectcd. 

Under  snch  (nrciiinstances.  visitm  is  generally  greatly  diminished ; 
still,  several  cases  of  this  form  of  ueuritie  have  been  oljserved  io 
which  good  viftiou  was  retained.  In  one  case,  for  instance,  in 
which  the  other  nymptoms  indiratx^d  the  existence  of  a  cerebral 
tumor,  I  found  iu  one  eye  a  high  degree  of  and>lyopia,  with  a 
large  ilofetl  in  tlie  visual  Held,  and  in  the  otiier  perfect  vision  and 
a  free  visual  field.  Still,  the  (>]>htlialu»oscopic  appearances  in  both 
eyes  were  tlie  same,  exctpt  thnt  (lie  optic  disc  of  the  poorer  eye  was 
not  so  red  and  was  of  a  brigliter  gray  than  the  other.  In  another 
case,  iu  which  besides  decided  *'Stauungspftpille"  there  were  cor- 
nt'al  opacitI<'P,  virtion  was  much  In-ttcr  than  was  to  Ixj  ex|)e<rlod 
fnmi  the  optical  relations.  Unfortunately,  neither  ca.te  remained 
loug  under  observation. 

Blesslgf  reports  similar  histories.  MauthnerJ;  publishes  a  case 
in  which  there  was  nuriual  vision  with  decided  neuritis.  It  pos- 
sesses special  interest  from  the  fiict  tltat  the  report  includes  the 
results  of  the  anatomical  examination  of  the  optic  nerve.  Thia 
case  will  be  again  alluded  to. 

Cases  of  neuritis  in  which  there  is  considerable  swelling  of  the 
intraix'ular  extremity  of  the  optic  nerve,  sinuosity  of  the  retinal 
veins,  but  no  extensive  opacity  of  the  retina,  and  which,  therefore, 
may  be  described  as  "Stauinigspapille,"  occur  as  an  inde[>endcnt 
disease,  and  under  rircunistanccs  wliich  furnish  no  groumls  for 
susjwcting  the  co-existence  of  an  intracranial  disea.sc. 

It  cuniiot  be  denied  tliat  the  hy[)ene[uia  of  the  optic  uervc  aud 
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•  "  Choked  disc"  is  the  corresponding  Englisfa  cxpresfloa. — 7Vorw/«C(i*. 

f  PotcTiburger  mcd.  ZciLschr..  1866. 

X  Lulirbuch  dur  Ophlbalmofloopie,  pag.  29S. 
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retina  wliicli  cliaracUTizcd  the  "8tauung.sj)apllle"  (ieiien<ls  u|)on  a 
stasis  of  blood;  Imt  what  (.•aust'S  tlitb  sUu^U?  A  swelling  of  the 
Dcrvc  itself,  csjxicinlly  if  participated  iu  by  the  lamina  cril>rosa, 
would  be  .sufficient  cause  for  such  a  stasift.  It  is  doubtful  whether 
a  deeper-lying  oljstruetion  to  circulatiou  within  the  cranial  cavity 
plays  any  inipctrtnnt  part.     It  is  deniexl  on  anatomical  groun^ls.. 

Sesemann,*  iHUsing  his  views  n(>on  very  curefid  studies  of  the 
anatomy  of  the  orbital  veiiiSj  opposes  the  tlieory  that  a  slaHis  can 
lwcaupe<l  in  the  ophthalmic  vein  by  a  simple  increase  of  intrncra- 
niul  pressure,  and  sets  forth  the  anatomical  relations  as  follows: 

The  vena  centKiIis  retina;  emerges  from  the  optic  nerve  at  al>out 
Us  middle,  runs  for  a  short  distaniMi  on  its  outer  side,  then  perforates 
the  external  sheath  of  tlie  nerve,  and  liiialty  empties  into  the 
cavernous  sinus  or  into  the  ophthalmic  vein. 

In  most  cases,  where  the  vena  centndis  empties  into  llic  cavern- 
ous sinus,  and  this  is  the  most  frequent  arrangement,  it  anas- 
tomoses freely  with  the  vena  ophthalmiea  superior,  so  freely, 
iudeed,  tliat  it  is  doubtful  in  some  c:)ses  if  it  i^hould  not  rather  be 
said  to  empty  into  this  vein.  Zinn  describes  a  case  in  which  the 
vena  centralis  emptied  only  into  the  vena  ophthalmiea.  kSesemanu 
ohe*erved  n  simple  diseharge  into  the  vena  ophlh.  inf. 

Finally,  it  sometimes  happens  that  ttie  optie-iiervc  sheath  is 
surroun<kil  by  a  ticlicate  venous  plexus,  into  whi<'h  empty  the 
vena  centralis  and  s*>mc  arnall  veins  from  the  substance  of  the 
nerve.  The  blood  from  this  plexus  is  conducted  by  a  nuinber  of 
small  veins,  partly  into  the  vena  ophthalmiea  sup.,  partly  into 
llie  inferior,  and  ]>artly,  also,  into  the  cavernous  siims.  If  the 
vena  centralis  retime  Ix;  wmnecled  with  the  vena  ophthalmiea,  It 
becomes  there)>y  wholly  independent  of  the  cavernous  stuus,  for 
the  vena  ophthalmiea  sup.  is  always  connected  by  numerous  anas- 
tomoses with  the  vena  facialis  atul  the  vena  ojduhalmica  inf.,  and 
this  last  communicates  again  with  the  vena  facialis  anterior  and 
with  the  pterygoid  plexiLs,  so  tlrnt  the  i-eturnof  the  blood  is  amply 
provided  for. 

Aside,  however,  from  these  anastomoses,  Sesemaun  explains  it 
as  iudiOerent  whether  the  vena  cent,  retins  empties'into  tlie  vena 
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oplithalmioa  or  intothosinup,  sinoo  the  two  last  art?  continuous  the 
one  with  the  otlicr,  and  there  «^i»  lie  no  ol>struction  to  the  return 
of  the  hlood  so  long  as  the  way  tlmiugli  the  fiurinli^  is  free, 
Sewoniann  rc(!:ardt<l  the  vena  ophthalniicsi  as  a  waste  weir,  u  so- 
called  emi.ssariiim  Santorini  for  the4'avemons  sinus.  If  from  any 
cause  the  presewre  in  the  sinus  increase,  the  vena  oplithalniiea 
empties  not  only  it**  contents  inti>thc  fucialis,  but  cimtlucts  into  it 
also  h!oo4l  from  the  sinus,  and  it  is  the  l>etteradapt<'<I  to  plnvthis 
piirt  for  the  reason  that  throughout  iUi  whole  eourwe  it  prkasesscs  no 
valves.  Finally,  a  compression  of  the  cavernous  sinus  hy  a  simple 
increase  of  llie  iulriicraninl  pressure  is  not  so  easy  as  one  might 
think.  In  nmking  injections,  we  have  often  trie<l  to  twmpress  the 
cavernous  sinus  in  order  to  prevent  theescafieof  the  mass  through 
the  sigmoid  sinus,  Imt  have  never  suceoe^ksl  in  doing  it. 

On  pathological  grounds,  t*H>,  the  undoubted  eonueclion  between 
cerebral  tumors  and  neuritis  cannot  be  regardc<i  as  a  simple  me- 
chanical conscfjiii'iico  of  the  increiise  of  intracranial  pressure. 

It  is  remarUable  that  with  **  StauungspapiUe"  the  stasis  takes 
place  only  in  the  vena  centralis  retinas,  and  not  in  the  other 
branches  of  the  vena  ophthalmicti.  Moreover,  venoiw  congestion 
of  the  retina  is  wanting  in  very  many  cases  where  there  is  nii- 
duiibledly  increase  of  intracranial  pressure,  and  it  exists  iu  many 
t>thor  cases  without  causing  "  Stnnungs|inpille," 

It  is  reganled  as  undoubtcil  that  in  general  a  coune<;tion  exists 
between  "Stauungspapillc"  and  cerebral  tumors,  but  this  j>eculiar 
form  of  neuritis  may  occur  independent  of  such  tumors  in  conse- 
quence of  orbital  or  intracranial  processes,  and  furthermore  it  may 
be  al)s<;nt  in  si)ite  of  the  existence  of  cerebral  tnmors.  Cerebral 
tumors  may  even  cause  bliudness  without  "  Stauuugsiwipille," 
l^artly  by  a  form  of  neuritis  which  runs  its  course  without  any 
marked  swelling  of  the  optic  disc,  partly  by  atrophy  of  the  optic 
■  nerve. 

Cerebral  tumors  may  (siiise  a  compression  of  the  optic  nerve, 
LudwigTurek*  lia.s  shown  that  liydr^K-ephalus  veutrleulorura  duo 
to  tuoior  or  any  other  cause  may  ppwluce  blindness  by  Uie  press- 
ure of  the  floor  of  the  thirtl  ventricle  upon  the  chiasm. 

In  such  cases  a  cyst-like  distention  of  the  tuber  cincrcum  is 


*  ZelUchrSn  df>r  Gu^ellMhaft  der  Aerste  zu  Wien,  1862,  B.  ii.  pag.  299. 


found  at  the  base  of  the  brain ;  the  inuor  eurfacos  of  the  optic 
thalaini  are  more  widely  so|viratcd,  and  the  onira  cerebri  more 
divergt'ut,  tlian  in  tlie  normal  state.  Tlii:  Dptic  traots  crossing  the 
CTuru  are  thus  stretched  antl  the  chiasm  soiiiewiiat  flattened.  In 
three  such  cases  of  verv  dw^idwl  hvih'i)cc[ihahis,  in  coiiwfiiicnce  of 
cancer  of  the  cerebellum,  and  in  which  death  endued  in  fnmi  sevGD 
to  nine  months  after  the  apjwarance  of  amblyopia,  which  increased 
to  complete  iimaurusts,  Tfirck  finuid  in  the  cliitism  a  grtat  number 
of  nucleated  cells  and  fat  globulfs  extending  some  dUtance  into 
the  optic  nerve,  and  in  one  case  even  into  the  retina. 

Much  light  hiw  been  thrown  upon  tlie  connection  Imtween  cere- 
bral and  optic-nerve  diseases  by  S«;hwalbe*j3*  investigations  with 
reference  to  the  lymph  jKissagcs  of  the  eye.  He  has  shown  that 
the  space  between  the  outer  and  the  inner  optic-nerve  sheath  is 
in  direct  (Hunmunication  witii  the  arachnoidal  s|wce,  and  that  an 
injection  will  pa>^  from  one  into  the  other.  Manzf  has  confirmed 
by  ex(H.'rimcnt  and  anatomical  examinations  the  view  first  ex- 
prcssetl  by  Si-hniidt,!;  that  pathological  processes  may  be  propa- 
gated through  this  elmnnel.  It  was  found  that  a  jiathologicul 
fluid  effusion  in  the  arachnoidal  si>ac*e  and  the  signs  of  increased 
intracranial  j)re.ssurc  were  ahnot^t  always  associated  with  an  ac- 
cumulation of  fluid  between  the  optic-nerve  sheaths.  A  [>er- 
eistence  of  this  condition  may  certainly  cause  an  oidema  of  the 
inner  nerve  sheath  and  of  (he  connective-tissue  ju*tH*esscs  which 
it  sends  into  the  optic  nerve.  These  pnxxsscs  arc  purticuliuly 
numerous  at  the  place  where  the  nerve  enters  the  eyeball.  This 
reilenia  will  cause  a  swelling  of  the  optic  disc,  which  may  l»e  of 
difierent  degrees  in  its  ccntnd  and  peripheral  |Kirts,  or  may  vary 
in  its  different  sectors.  In  the  lamina  cribrosn,  however,  where 
the  optic  nerve  is  surroumlcd  by  the  sclera,  the  swelling  of  the 
ner\'e  compresses  its  vessels^  atfecting  prijicipally  the  venous  cur- 
rent. The  theor)'  that  the  "Stauungspapille"  is  caasi^d  by  the 
pressure  of  the  tluijl  collected  in  the  intravaginal  sjiace,  has  little 
in  its  favor.     In  the  first  plnoe,  tlds  pressure  must  be  so  great  that 


*  M.  Schultxe's  Arch.,  B.  vi.,  1870,  pug.  1. 

f  Arch.  f.  Ophtb.,  B-  xvi.  1,  pag.  26£,  iind  Deutschcs  Arch  f.  klin.  Mcdicin, 
B.  ix.  paf;.  33U. 
}  Arch.  f.  Ophth.,  B.  xv.  2,  pag.  193. 
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the  vcrv  distell:^ilJk•  external  slieiitli  can  no  longer  yield  to  it,  and, 
in  ibe  uoxt  place,  the  intracranial  prossuro  must  be  eqnally  grcatT 
otherwise  the  fluid  between  the  sheatlis  would  be  forced  back  into 
the  arachnoidal  spate. 

A  direi't  pn>|)agation  of  an  inflammatory  procet*  of  the  me- 
ninges of  the  brain  through  the  foramen  opticum  is  quite  possible. 

Reti*()lni]bar  noirritis  is  a  name  applied  by  Von  Graefc*  to  a 
certain  condition  in  which  sudden  blindnct^  oecuru.  After  variou.^ 
constitutional  dist^nses,  among  which  VonGraefe  mentions  menshs 
and  febrile  fp.i"*tric  catarrh,  and  S4>metiuies  also  without  any  serious 
ilisturbanccsof  the  general  health,  the  field  of  vision  grows  ob=<'ure. 
There  may  or  may  not  be  subjective  light  and  color  symptoms.  In  a 
few  hours  or  days  there  is  aljsolute  blindncKS,  generally  in  both  eyes. 
The  pupil  is  ii^^ualiy  widely  dilated,  and  d(.>es  not  react  to  light. 

Upon  ophthalmoscopic  examination  decidetl  though  not  veiy 
great  changes  are  seen  at  the  optic  disc.  They  are,  nioi-eover,  very 
transitory.  There  is  a  slight  opacity  over  the  disc  and  the  adjoin- 
ing retina,  but  there  is  little  or  no  elevation  of  the  surface.  The 
arteries  are  small,  tlie  veins  distendeil  and  sinuons.  These  slight 
ophtlmlmowopic  changes  are  entirely  disproportitmatc  to  the  4lis- 
turbances  of  vision,  which  sometimes  reach  the  extreme  of  com- 
plete blindness.  These  symptoms  are  due  to  changes  which  esea^w 
observation. 

There  is  great  probability  of  the  correctness  of  Von  Oraefe's 
view,  that  in  such  coses  the  princijml  changes  arc  in  the  optic 
nerve,  liehind  the  eyeball.     The  disease  is  generally  bilateral. 

It  is  quite  probable,  as  Von  (iraefe  8iLS[>ected,  that  certain  cases 
dcsctribed  as  "ischiemia  retinse"  wen:  retdly  cases  of  retrobulUir 
neuritis.  The  tlu-ee  cases  of  this  kind  which  have  been  descTibedf 
were  characterized  by  blindness,  which  came  on  rapidly  in  lx>th 
eyes,  but  without  any  important  visible  changes  otlier  than  a  slight 
contraction  of  the  I'ctiual  arteries.  lu  one  of  these  oases  the  veins 
were  greatly  dilateti  and  sinuous.  In  the  other  two  tliere  was  no 
venous  hyperrcmia. 


•  Arch.  f.  Ojihth.,  B.  tH.  2,  pa^.  114. 

t  One  by  AlfruU  Graofo,  Arch.  f.  0[ihtli.,  B.  Tiii.  1,  jwg.  143;  two  by  Rolh- 
mund.  KliD.  HuniiUbl.,  1806,  piig.  100. 
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In  these  rtises  there  was  only  n  pnrtial  oliwtruetlon  to  tlic  nnrmal 
bifxKl  supply,  ami  it  i.s  acoor(tiii<rly  tliffieiilt  to  umlei'staml  why  the 
function  of  the  retina  should  have  been  so  completely  interfered 
with;  all  the  more  diffienlt,  too,  from  the  fact  that  Von  Graofe 
fouiul  vision  scarcely  less  than  normal  in  tlie  extreme  degree  of 
ischppuiia  which  exists  in  the  aspliyxiatwl  stage  of  cholera. 

It  has,  however,  Wmi  demonstnitwl  tliat  a  bilateral  retrobulbar 
nenritis,  which  in  a  few  hours  may  desimy  the  sensation  of  light, 
doc3  occur,  and  manifests  itself  by  sliglit  and  very  tratiBilory 
changes  at  the  inti-aocular  extremity  of  the  optic  oerve.  It  is  not 
strange  that  the«;  changes  in  the  nerve  or  retina  were  not  observe<l 
in  the  three  cases  alwvc  refcrri'<l  to,  for  they  might  either  have 
already  disappeared,  as  two  of  the  cjiscs  were  not  examined  till 
after  the  sixth  and  the  other  till  after  the  fourth  day,  or  the 
changes  may  not  have  existed  to  a  j)ereeptible  degree. 

At  all  events,  it  must  be  admitted  as  a  possibility  that  the  oases 
dty*<Til)od  as  isotiiemin  were  really  cases  of  retrobulbar  neuritis. 
This  may  be  assumed  with  the  greatest  probability  for  the  case  of 
atrophic  degeneration  of  the  optic  nerve,  with  contraction  of  the 
retinal  arleriea,  descril>cd  by  Heddacns  ass  ischtemia.* 

Besides  these  acute  forms  of  retrobidlutr  neuritis,  there  are 
others  which  run  a  chronic  course.  The  intraocular  extremity 
of  the  optic  nerve  apiKiirs  clouded,  whitish,  and  often  sliglitly 
6welle<I.  The  cloudiness  generally  extentls  beyond  the  margin  of 
the  optic  disc,  wliitse  boundary-line  is  therefore  somewhat  indis- 
tinct. The  retina  remains  unchangeil.  The  large  arteries  are 
generally  conlnictcd,  the  veins  are  normal,  or  only  slightly  diluted. 
Aa  iu  all  these  processes,  the  disturl>ances  of  vision  vary  greatly. 
They  may  Ix;  limited  to  a  motlenUe  diminution  of  central  vision,  or 
they  may  amount  to  almost  complete  bUndness,  with  great  defects 
in  the  visual  field.  This  clironie  form  of  neuritis  leads  to  atrojduc 
di^enerilion  of  the  optic  nerve,  a  subject  yet  to  l)e  <lirtcns.«etl. 

The  pnjgnobb  in  ncuro-retinitis  and  neuritis  is  generally  unfa- 
vorable. Cases  do  occur  in  which  there  is  recovery  of  vision,  even 
when  there  has  been  complete  blindness;  still,  it  is  impossible  to 
state  the  conditions  under  which  so  favorable  a  result  may  be  hoped 


"  EliD.  MoaMtsbl.,  1865,  pug.  285. 
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ftir.  It  is  to  ho  remoniherc*!  that  the  projtnosis,  with  rofVreii«?  to 
tlie  primary  intracranial  prrxt-ssf:*,  is  frequently  very  unfavumble. 

There  is,  ft(^->!'<lingly,  little  encouragement  for  trejitmeni.  De- 
rivatives, bleeding  fivmi  the  temple  or  Ix^hind  the  ear,  sctons  in 
tlie  n«!k,  etc.,  are  generally  reeommendetl,  so,  to*i,  the  use  of  n)er- 
curials  or  iodide  of  potassium,  in  so  far  as  tlicy  are  not  forbidden 
by  t-pecial  etiologioal  indications.  Alfred  Graefc  saw  a  return  of 
vision,  after  irideet<tmy  in  both  eyes,  in  the  case  describe*!  as 
ischa?mia  retime.  Rothmund,  in  his  two  cases  above  refern.Ml  lo, 
performtxl  jmnicentcsis  of  the  anterior  chamber,  with  a  similar 
go(«l  result.  But  the  numbt^r  of  tlieso  cases  is  too  small  to  draw 
from  them  any  oertain  conclusions  as  to  their  proper  trecitment, 
for  in  neuritis,  even  after  protractetl  blindness,  a  spontiiueous 
restoration  of  vision  has  been  observed. 

The  anatumiLid  condition  of  tlie  nerve  trunk  in  neuritis  has 
been  examined  often  enough  to  prove  that  changes  not  visible  hy 
the  ophthalnios<'ope  may  play  an  important  yyart  in  causing  the 
disturbances  of  vision. 

TurcU*  ob?forved  infl.ummntnry  prno«v«e«  in  the  optic  ncrA'es 
and  cliifLsm  in  various  bmln  ilise:isoi*.  Stellwiigf  desfcribcd  the 
umit/imica!  changes  in  neuritis,  and  reports  also  some  cases  in 
which  a  drojMicnl  swelling  of  the  optic  nerve  within  the  cranial 
cavity  was  the  cause  of  blintlness. 

Effusions  l)etween  the  two  optic-nerve  sheaths,  simultaneously 
with  meningitis,  may  be  explained  by  the  nnatomicid  relations  set 
fortli  on  i*age  4S1,  but  U  has  also  lH.'en  demonstratwl  th.at  an  actual 
propagation  of  an  iriHammatiim  may  take  place  along  the  nerve 
itself.  '  " 

Wvchowl  observed  in  a  case  of  basilar  meningitis  a  very  marke 
tliiokouiiig  and  dctaclimcnt  of  the  neurilemma  along  the  whole 
coarse  of  the  nerve.  Bt^ides  this  "perineuriti.s,"  he  found  an 
"  interstitial  neuritis,"  likewise,  throughout  the  whole  nerve,  who(*e 
neurilemma  was  found  full  of  nuclei  and  young  cells. 


•  ZeitsohnflderGMe1lschHf\i[er  Acrste  iu  Wicn,  B.  T.  2,  pag.  582;  B.  tUi. 
2,  {vAf;.  209  ;  0.  ix.  2,  pa^.  2U. 

t  UphtIialnioli>)»u»,  II.  H.  jiajj.  664  und  620. 
t  Arch.  f.  Ophth.,  B.  zii.  2,  pag.  118. 
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TTulltc*  reports  a  case  of  "  SUinnngsjmiiille"  wincli  IiimI  dcvel- 
ojkkI  in  eoniipftion  with  exteiit^ivo  8y|)hilitic  hniiii  *liswi8(;.  He 
called  sitcvial  attention  to  tlie  fact  tliat  there  was  an  pvi<lent  swelt- 
ing  of  l)oth  the  orliitiil  am!  intracranial  portions  of  the  optic  nerve. 
Von  Graefe  believe<l  that  this  Ho-callwl  Neuritis  dewemlens  could 
be  rceognixed  I»y  the  ophthaIniosco[>ic  apiKarances,  whioli  he  re- 
gardetl  as  eonHisting  in  niodertite  swelling  uiid  rc'dnetut  of  the  optic 
di*c,  with  extreme  clouding  of  iD*  tissue,  these  appearances  extend- 
ing somewhat  upon  the  neighboring  retina.  In  "Stunung»[>apille" 
the  changes  are  limited  to  the  optic  disc,  the  extraocular  jwrtion 
of  the  nerve  being  unaffeeted. 

It  has  l>e*m  usual  in  the  examination  of  cases  of  neuro-retinitis, 
asi^x-iated  with  brain  dienease,  to  regard  the  optic  nerve  as  uu- 
changetl  when  no  abnormities  can  Ix?  seen  in  it  with  the  naked 
eye.  But  I^berf  has  shown  that  though  the  extenial  apjx^r- 
ance  of  (he  nerve  be  normal^  that  is  nut  enough  to  exclude 
very  important  pathological  changoj*.  Among  the  changes  wliich 
arc  to  l)e  seen  In  such  cases  on  inicrosoojiicai  examination  are 
interstitial  neuritis  and  perineuritis,  fatty  dtgcneratlon  of  the 
nerve  fibres,  an  infiltration  with  nucleated  cells  and  simultaueoua 
atrophy  of  tlie  nerve  fibres.  In  no  caise  in  which  neuritis  has 
been  diagntwed  ophtlialmoscoiuc-ally,  and  in  which  tiie  macro- 
scopic api>caruncc  of  the  optic-nerve  truuk  is  normal,  nre  delicate 
changes  of  some  kind  or  other  wanting. 

The  intraocular  anatomical  appearances  do  not  vary  greatly 
from  those  of  retinitis.  The  swelling  of  the  disc  is  due  mostly 
to  a  hy|)crtrtiphy  of  the  nerve  fibre.'*,  some  of  Mliich  are  uni- 
formly thickened,  while  others  present  fusiform  or  cliib-sha|)ed 
swellings.  An  oNleniutous  saturation  of  the  disc  and  the  <levelop- 
ment  of  numerous  vessels  may  also  contribute  to  the  swelling. 

A  considerable  swelling  may  be  t^aniswl  by  a  prolifemtion  of  the 
connective-tissue  elements.  The  lamina  cribrosa  swells,  is  driven 
forward,  and  projects  alwve  the  inner  surface  of  tlie  sclera,  or  its 
tissues  arc  so  soparatc<l  that  both  its  interior  and  its  exterior  limits 
disappear.  By  this  swelling  and  hy|H.'rtrifjihy  of  the  connective- 
tissue  elements  the  intnuwular  extremity  of  the  optic  ner\'e  l^ecomee 


*  Ophth.  Hosp.  Kep.,  1866,  vol.  vi.  pag.  100. 
t  Arch.  f.  Opbth.,  B.  xiv.  2.pag.  333. 
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not  only  higher  but  broader,  so  that  it  projects  on  all  aides  beyond 
the  foramen  choroidew. 

Fig.  45  represents  a  considerable  swelling  of  the  intraocular 
extremity  of  the  optic  nerve  and  the  lamina  cribrosa  in  a  case  of 
retinitis  eanscil  by  Bright's.diaease.  The  central  vej^sele  of  the 
retina,  whieli  have  Ix.'en  driven  forwanl  by  the  swelling,  have  bv 
their  elastic  resistance  caused  a  depre'«ion  in  the  anterior  surface 
of  the  swollen  di^^ 

Fio.  46. 


The  lamina  cribro.sa,  together  with  the  vessels,  is  driven  for- 
ward and  elevated  above  the  siirfai-e  of  the  choroid.  The  wjn- 
nective-tisstie  fibres  running  i'rom  the  nerve  into  the  retina  win 
yet  be  re<H>gnizeiI.  The  iittruoculur  extremity  of  the  optic  nerve 
is  greatly  swollen  aiul  extenJed  on  all  sides,  not  only  pressing  for- 
wai-*!  into  the  vitruous,  but  tspreading  also  in  a  lateral  direetion. 
The  external  layers  of  the  retina  arc  therefore  pushed  aside  m*  far 
as  c.  The  separation  Initween  the  ehoniid  ami  the  retina  whirh 
ap^iears  in  the  pre]mnition,  is  artificially  pnKliK\»l ;  btit  supposing 
it  not  to  exist,  it  will  be  seen  that  there  must  have  been  during 
life  a  very  considerable  swelling  of  thi?  optic  tlisc. 

Suniisch*  gives  a  siniilar  representation  in  a  case  of  ueuro- 
retinitis  cauanl  by  brain  tumor. 

Most  cases  of  dt^ndetl  Kwelling  of  tlie  optic  disc  present  U|»on 
anatomical  exaniiuiition  utuloiibteil  inflammatory  clianges.  In  tlic 
neigliboring  retina  there  is  fre([ueutly  a  hypcrtrtiphic  development 
of  the  connective  tissue  in  all  the  layers,  and  often  the  adventitial 
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cottt  of  the  vessels  ie  also  thickenod.  The  nerve  fibres,  both  in 
the  retina  :ind  on  tlie  disc,  frequently  present  either  the  alx)ve- 
descTiIxKl  ganglion-like  swellings  or  a  simple  liyjx?rtrophy.  Ati'o- 
phy  of  the  ganglion  cells  and  nerve  fibres  a])pears  alwaj's  to  occur 
in  those  «ises  which  go  on  to  blindness.  The  ap[>eaninee  in  the 
nerve-fibre  hiyer  of  small,  round,  homogeneous  bodiesi,  having  an 
average  size  somewhat  greater  than  the  blood-corpuscles,  which  I 
obsen'cd  in  one  case,*  has  been  confirmed  by  Rlessig."!" 

We  have  also  a  description  of  the  iiniitoiui*:iil  aj>pearancc8  in 
one  of  those  rare  cases  in  which,  with  a  high  degree  of  intraocular 
swelling  of  the  nerve,  goofl  vision  was  retained.  Iwanotl'];  having 
had  an  opportunity  to  nmke  an  examination  in  such  a  case  (»f  so- 
called  "Stanungspapille,"  the  most  striking  raicrascopic  appear- 
ance was  a  great  hypcra-mia  nl"  all  the  vessels  an<l  a  dilatation  of 
the  capillaries,  so  that  the  great  mass  of  the  disc  was  c<>mpose<l 
of  vessels  resen»bling  a  telangiectasis.  The  connective  tissue  was 
slightly  hypertrophicHl  in  consequence  of  a  serous  saturation.  The 
nerve  fibres  had  not  autfered  any  change.  There  was  no  trace  of 
new  celUilftr  growths.  In  the  retina  were  no  changes  except  a 
hypersemia.  ManthnGr^s§  report,  which  evidently  refers  to  the 
same  case,  states  that  tliere  were  signs  of  an  interstitial  neuritis, 
consisting  in  a  proliferation  of  the  connective  tissue  in  a  portirtn 
of  the  optic-nerve  trunk,  which  remained  attached  to  the  eyeball. 
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EMBOLISM  OP  THE  CEXTHAL  RETIXAL  ARTERY. 

EmlK>iism  of  the  centml  retinal  artery  ns  a  cause  of  sudden 
blindness  was  first  observefl  by  Von  Gnicfc.||  The  ophthalmo- 
scopic a]»pcarancc  when  the  patient  first  prcscntcnl  himself,  about 
a  week  after  the  blinding,  was  essentially  as  follows.  The  refract- 
ing media  were  clear,  the  optic  nerve  quite  white,  but  not  opaque, 
as  in  atrophy,  but  normally  translucent.  All  the  vascular  trunks 
upon  the  optic  disc  were  greatly  contracted.  The  princi|>al  arteries 
upon  the  retina  appeared  like  delicate  lines,  and  their  branches 
were  curreBpondingly  small.     The  veins,  too^  were  in  all  places 


•  Arch.  f.  Upbth.,  B.  vii.  2,  pac;.  fiS. 

t  JPeUTHburgiT  iiK'd.  Zuituti^,  18G6,  pog.  76. 

X  Klin.  MonnUbl.  f.  Augenheilk.,  18i»S,  pag.  421. 

I  Lehrbuch  dor  OphtbalmoKcupto,  pug.  293. 

I  Arch.  r.  Oplitli  ,  B.  V.  1,  png.  13tj. 
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thinner  than  nornml,  but  largest  near  tlte  equator.  After  a  Tew 
days  a  very  petniliar  pheuomenon  of  eirctilatiou  was  ol*»e^^*ed  in 
the  retinal  veins.  There  appeared  to  be  an  uneven  filling  of 
the  veins,— that  is,  a  portion  of  the  vein  would  be  well  filled 
and  an  adjuiniug  portion  comparatively  empty.  Upon  fixing 
the  attention  sharply  n|)on  one  [wirticnhir  part  of  a  vesnel,  it  could 
be  seen  that  the  blood  moved  by  arhyllimic  impulses  toward  the 
optie  dise,  now  movinj;  forward,  and  iigain  Ktiiuding  quite  ^til^ 

Towartl  the  end  of  the  second  week  the  retina  in  the  region  of 
the  macula  Iut«a  began  to  grow  opaque.  A  gray-white  infiltration 
ap|>eared,  which  extende*!  to  the  tcmiwral  margin  of  the  optic  disc, 
and  sliadi:-*!  otf  nboiit  its  j>eriphcry  inn>erceptibly  into  healthy 
tissue. 

Tht  jio-iition  of  the  fovea  centralis  was  occupied  by  a  dark 
fhcrry-rcil  spot  about  onc-tjiiartcr  the  size  of  the  ojUic  disc.  The 
color  of  t\m  spot  was  so  intense  as  to  suggest  nt  once  the  suspicion 
of  a  hemorrhage.  Still,  if  appeared  njore  proper  to  regaril  the 
effw't  as  due  to  a  contrast  in  c4>]or,  for  while  the  surrounding 
infiltrated  retina  by  its  opacity  hid  the  choroid,  that  ]>ortiou  in 
the  ininu'diatc  uoij^liborhoiHl  of  the  fovea  «*ntnilis  remained  free 
from  infiltration  and  allowed  the  choroid  more  distinctly  to  shine 
through.  In  the  course  of  two  or  throe  weeks  the  infiltration  dis- 
nppcaivil,  atitl  with  its  disappearance  the  intense  cherry-rwl  color 
of  llie  macula  lutea  jtas^^Hl  imperooptibly  into  a  light-brown 
color  not  diHt'ring  tyscntially  from  tliat  of  the  neighboring  jtarts. 
There  was  an«l  contlnueil  to  lie  only  the  slightest  jwrception  of 
light.     Gradually  there  came  on  atrophy  of  the  o])tic  nerve. 

The  examination  of  tlio  heart  showetl  with  certainty  a  .stenosis 
of  tlie  aortic  valves,  probably  in  connecti<m  with  a  still  active 
endocarditis. 

AlK)ut  a  year  later  the  ]iaticnt  succumbed  to  Ids  heart  disease, 
and  through  the  kitKbiCj^s  of  the  altendiug  physician  I  came  into 
possession  of  the  blindcil  pyc,  Anatfimiral  examination  fidlycou- 
Hrmctl  the  dia;;ii">sis.  The  nrteriu  centralis  retime,  at  the  lamina 
cribroea,  was  com[)letely  occluded  by  an  embolus  which  had  forced 
its  way  up  to  this  point,  but  here  in  the  lamina  crlbrosa,  where  no 
more  rm»m  was  to  be  gained,  it  remaiuwl  fast.  On  the  cnrdinc 
side  of  the  embolus  the  artery  was  filled  by  a  thrond>us. 

Atropliy  of  the  retina  about  the  optic  disc  could  be  distinctly 
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rccogni2e<l;  the  lamina  cribnma  >vns  covered  only  with  atrophied 
tissue* 

Sines;  this  first  piibllontion  by  Von  Grapfe  a  great  number  of 
cases  have  lieeii  (loscril«?d  as  etiiboliam  of  the  centml  artery.  In- 
deed, for  a  long  time  it  ai)j>carefl  to  Iw  fashionable  to  reckon  as 
s^uch  all  cQsca  of  sudden  blindness  in  one  eye,  even  thougli  the 
blindness  may  have  existed  for  years  l>efore  coming  under  ob- 
servation, or  even  cases  in  whifh  both  oycs  have  IxHsn  similarly 
aiTwte*!,  tlie  one  after  the  other,  wUetlier  the  source  of  the  embolus 
could  Iw  discovered  or  Dot.  In  this  anmection  it  should  be  re- 
mend)ored  tliat  none  of  the  above  mentioned  symptoms  have  any 
|»albognomonic  value. 

Sudden  blind a«s  with  noticeable  contraction  of  the  arteries 
occurs  also  in  neuritis,  and  under  other  circumstances  whieh  do 
not  admit  the  i<lfa  of  eml)olus  tts  the  cause.  Thouj^h  we  cannot  in 
all  oases  aeeount  for  tliese  sudden  ulwtrui^tions  of  circulation  with 
simultaneous  loss  of  vision,  this  much  Is  oertain,  tluit  we  cannot 
diagnose  embolus  from  these  symplonis  alone. 

The  iHx.*uliarily  of  the  circulation  in  iIhj  retinal  veins  was  first 
otiserved  by  E.  v.  Jaegerf  in  a  niau  72  years  of  age,  wlu>  had  be- 
come blind  dnriuj*-  the  previnuH  inu;lit.  Von  Graefej;  ob>ierved  It, 
too,  in  a  rase  in  whitrh  blindiicS'S  had  conic  on  within  a  few  days, 
but  in  which  no  eml^olus  could  be  detected,  and  in  a  nuirked 
degree,  too.  in  the  asphyxiated  stage  of  cholera.  This  symptom 
depends  simply  upon  a  diminished  rw  a  icrgOj  a  condition  whieh 
obtains  when  the  arteries  are  (smtnietetl  and  the  veins  conse- 
quently only  jtartially  filled.  Jhit  even  when  an  eraljolus  has 
e<impletely  chwetl  the  central  rt'tinal  artery,  it  is  still  possible  for 
a  small  quantity  of  Mood  to  reach  the  retina^  for,  as  LeberS  has 
shown,  a  communication  exists,  by  means  of  the  vascular  cirt^le 
immediately  sunoumling  the  optic  nerve,  between  the  vascular 
system  of  the  retina  and  the  rili:iry  arteries.  Unfortuimlely,  how- 
ever, this  connection  is  only  of  a  capillary  nature,  and  not  suitable 


*  The  preparation  here  rcferrod  to  Is  Ktill  in  my  poMeulon,  and  has  l>peii 
pn>nouiir4?d  Tully  ^ittinrnctorr  l>y  h11  experts  whohnre  seen  it.  Amon^othen, 
Prof*.  Virchnw  und  Cohnlicint  wore  kind  enough  to  examine  it. 

f  lT4>lH;r  Staur  uiiJ  Sljuiropirrutioiu':!!,  ISoS,  fttig.  104  bis  lOU, 

X  Arch.  r.  Opltth.,  B.  ii.  2,  pag.  142  und  210. 

I  Ibid.,  B.  xi.  1,  und  B.  xviii.  p4kg.  ^1. 
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for  the  establighmcnt  of  a  com {kmisii ling  collateral  oirculadon. 
Even  anastoniotsos  of  more  tlmn  cnpilliiry  sizt*,  if  th(?y  existed, 
wouM  IxJ  prevented  from  develdping  hy  ilie  unyielding  ualiiin?  of 
the  sclepttl  tissue  through  which  they  must  pass. 

The  [Kx-uliiir  changes  alwnt  the  iiiacuhi  liitea  are  likewi.se  not 
speciully  cliaracteristic  oi'  cniholus.  Thty  may  occur  without 
embohu^T  and  in  many  cases  of  embolns  they  are  not  observed. 

The  interpretations  of  the  i>j>hthalmi»acopie  apjiearances,  more- 
over, are  at  varianee,  some  autliorities  regarding  them  aa  hemor- 
rhages. 

At  all  events,  hemorrhages  have  l)wn  stated  to  exist  iu  a  hirge 
number  of  cases  which  liave  been  desfribed  as  embolisms.  Tliey 
were  always  few  and  small,  and  occupied  the  surface  of  the  optic 
di?e  or  its  imine<li:tte  neiglib«)rlK>f»<l,  especially  on  the  side  toward 
tlie  maenhi  lutea.  TIjese  considerations  bring  us  to  the  conclusion 
that  a  dilFercnt  interpretation  must  Ire  put  on  at  least  n  part  of  the 
many  oases  which  have  l^een  describL-d  aa  embolism  of  the  central 
artery.  Thus,  for  instaiu^,  sudth.'ii  Idindness  in  one  eye  may 
be  eausetl  by  an  effusion  of  bloiKl  in  the  orbital  portions  of  the 
optic  nerve,  and  present  a  condition  much  resembling  embolism.* 
There  occur,  moreover,  cases  of  sudden  hlimlness  in  both  eyes,  with 
oplithalmosettpic  appeamnces  very  like  cnibolism,  and  yet  no  one 
would  be  inclined  to  believe  in  a  simultaneous  cxx^lnsion  of  both 
cenlriil  arteries  by  enil)olism.  If  this  be  so,  why  should  the  same 
symptoms  and  the  same  ojililhalmoscopic  apjiearances,  when  they 
occnr  in  only  one  eye,  he  assumed  in  all  cases  to  indicate  endwiism  ? 

If  the  ease  be  ns  cl«ir  as  that  fir^t  published  by  Von  Graefe,  or 
that  oontirmed  by  my  dissection,  if  a  peritid  be  obser\*ed  in  which 
there  is  no  infiltration,  and  the  only  symptoms  in  the  eye  are 
those-  which  may  be  due  U^  an  urrest  of  the  arterial  supply,  if  an 
arterial  or  cardiac  disease  furnish  the  source  for  an  embolus,  the 
diagnosis  need  not  be  doubtful.  If  the  last  named  symptom  Iw 
wanting,  it  would  awaken  the  suspicion  that  the  contraction  of  the 
arteries  might  be  a  consecutive  condition  oausetl,  fur  instance,  by 
a  retrobulbar  neuritis.  The  occurrence  of  embolism  in  the  brain, 
with  a  perfectly  healtliy  condition  of  the  circulatory  ap[ianitns, 
has,  it  is  true,  been  observed,  and  tlie  breaking  down  of  clots  in 
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the  heart  has  Wn  demonstrated  x^  tlie  cau.«e  of  siicli  an  occur- 
rence. Admitting  the  poesihility  of  an  analogous  process  for 
tbe  cnses  iiiuler  con-^idoiiition,  it  must  still  l>e  remembered  tliat 
prooeases  of  quite  a  different  nature  may  eause  on  appnrently 
similar  eflect  uiH>n  the  retinal  arteries. 

Eraljolism  of  a  single  brmioli  of  the  central  rL-tinal  artcrj-  was 
first  demonstrated  by  Virchow/  and  the  condition  luis  Wn  reoog- 
oized  several  times  n]ihthnlmos(x>pi<>a]ly. 

Aside  from  the  e;iscs  above  reierred  to,  there  have  l>ot'n  but  two 
others  in  which  an  anatomical  examtnatitm  conHrnied  the  diag- 
nosis of  embolism  of  the  central  artery  made  during  h'fe.t 

ATROPHY   OF  THE  OPTIC  NERVE. 

The  symptoraa  of  this  putludogical  condition  consist  partly  in 
disturbances  of  vi-^inn  and  partly  in  chanjjjes  n|ihtlmlinosL'opically 
visible  at  the  intraocular  extremity  of  tlic  optic  nerve.  The  dis- 
turlmmres  of  vision  will  be  d iscuMSwl  under  the  head  of  amblyopia 
and  amaurosis.  The  ophtlialnioseopic  cliauges  may  be  compre- 
hended by  the  term  atrophic  degeneration  of  the  optic  nerve,  since 
tluiy  are  the  con«equcnce.s  of  .some  one  of  the  various  diseases  which 
involve  a  partial  or  total  degeneration  of  the  ojitio-uerve  fibres. 

The  principal  sign  of  an  atrophic  degeneration  is  a  change  in 
color,  by  which  the  upti*?  disc  grows  l)rightcr. 

Simultaneously  the  lamina  cribrosa  may  be  hidden  by  an  opacity 
of  the  nerve  tissue,  or  it  may  remain  visible  and  indeefl  be  more 
distinct  (ban  normal.  Fret|uently  tfie  optic  nerve  assumes  a 
peculiar  bluish  or  more  rarely  a  greenish -blue  color. 

The  oplithalmoseopic  examination  by  daylight,  as  described  on 
page  1 15,  may  be  employed  to  great  advantage  in  these  cases,  as 
indeed  it  may  for  all  diseases  of  the  optic  nerve  and  retina,  where 
it  is  desirable  to  recc^nize  slight  opacities  or  delicate  clianges  of 
color. 

In  the  centre  of  the  disc,  or  over  that  portion  of  it  in  wliich  the 
lamina  cribrosa  is  visilile,  its  white  net-work  of  connective  tissue 
will  be  seen  filled  with  bluish  dots  and  lines,  which  arc  the  bun- 

*  Arch.  f.  path.  Anat.,  B.  x.  p.  181,  nnd  Gr^ammclte  Abhand.,  pai^.  719. 
fSichcl,  Arch,  dc  Fhv»iologic,  t.  iv.,  1871-1872,  pag.  63;  a.  Schmidt, 
Arch.  r.  Ophlb.,  B.  xx.  2.  pag.  286. 
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dies  of  nerve  fibres  passing  through  it.  The  bltiUli  color  must 
be  eauso4l  bv  a  change  in  the  fibi^s  themselves.  The  whitish 
di.sc!(>Ioratioii  tuay  be  due  to  various  cniLses. 

In  the  first  place,  the  lamiDu  cribrosa  may  be  laid  bare  by  an 
atrophy  of  t!ie  nerve  fibres  just  as  is  the  Hoor  of  a  physiological 
excavation;  or  it  may  be  coveretl  by  a  proliferation  of  ilie  oon- 
tiective  tissue,  accomiwinying  the  degeneration  of  the  nerve  fibres, 
thus  fiiniirthiiig  a  surface  from  whir!)  the  light  is  strongly  reflected. 

Finally,  as  Vou  Graefe*  suggests,  it  may  safely  be  aesumcd 
that  an  ol)iitemtion  of  the  niimerons  delicate  vessels  of  the  optic 
nerve  (K-curs  Himultaneonsly  with  or  may  prcce<le  the  atrophy  of 
the  nerve  fibi-os.  The  quantity  of  bIoo<i  iu  tlie  optic  nerve  being 
diminished,  the  normal  rosy  tinge  of  its  disc  is  of  course  propor- 
tionately puler. 

The  discoloration  of  the  optic  disc,  and  the  more  distinct  ap- 
pearance of  the  himina  cribrosa,  is  always  first  aj>parent  on  the 
temporal  half,  and  may  there  have  reached  a  development  to  be 
rt^ardcd  as  pathologicnl,  while  the  median  half  still  retains  its 
normal  color.  This  h  as  might  be  expected,  for  both  the  bright 
eiwt  and  the  physiological  excavation  seen  in  the  normal  nerve 
always  occupy  the  lateral  half  of  the  disc,  while  the  great  m^s 
of  the  nerve  tibres  pas.ses  up  over  the  me<lian  side.  A  Uiginning 
atrophy  of  the  nerves  would  therefore  first  manifest  itself  on  the 
temporal  side  of  the  disc  where  the  nerve  fibres  arc  fewest 

The  retinal  vessels  may  remain  unchanged  or  be  nmre  or  le» 
contractc<l.  In  many  cases  this  may  be  due  to  the  fact  that  there 
is  siinuhaucous  dij^eadc  of  the  retina;  or  the  central  artery  of  the 
retina  in  cDnscquence  of  neurotic  changes  may  liave  been  oom- 
presse<l  in  the  optic  nerve  before  it  readies  the  retina. 

H-  Miillerl  iwiintcd  out  still  anotlier  consequence  of  the  atro- 
phy, and  dcscribc4l  it  iis  atrophic  excavation. 

Normally,  the  nerve  fibres  at  their  place  of  entrance  form  a 
thick  layer,  which  at  the  margin  of  the  disc  excectis  tlio  tliickneas 
of  all  the  other  layers  of  the  retina.  If  now  the  loss  of  snlistance 
caused  by  the  atrophy  of  the  nerve  fibres  be  not  replaced  by  a 
proliferation  of  the  connective  tissue,  the  place  of  entrance  of  the 


*  Eliii.  KontkUbl.,  18(^,  pag.  131  ot  8«q. 
t  Arch.  f.  Ophtb.,  B.  iii.  1,  pig.  92. 
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Optic  disc  assumes  the  fnrm  of  a  flat  ilcpression,  \v]ki&c  floor  is 
formed  by  the  laraiuu  cribrosa. 

FiQ.  40. 
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Fig.  46  re|)reseiits  such  a  case  in  longitudinal  Kcotion  of  the 
nerve.  The  preparation  is  from  a  wise*  of  a  high  degree  of  atro- 
phy of  the  optic  nerve,  and  presents  the  apiH'aninw  of  an  excava- 
tion. The  atrophied  ner\'e  fibres,  forming  a  thin,  striate^l  mem- 
brane, cover  the  lamina  cribrosa.  The  centnd  vessels  TV,  at  the 
point  where  they  bend  over  npon  the  retinii,  form  a  prominence 
above  its  surface,  for  In  the  retina,  too,  the  nerve-fibre  layer  is 
atrophied.  Uemcml)criiig  that  in  such  cases  the  retina  f^enerally 
remiiins  perfectly  transimrunt,  and  that  in  ihti  ca»c  htre  repre- 
sented the  lamina  cribrosa  and  the  tissue  covering  it  lie  exactly 
in  the  plane  of  the  fhoroid,  it  seems  prolxihle  that  upon  ophthal- 
moscopic cxamtu-ition  this  case  would  not  have  prcscntcil  the 
appearance  of  an  excavation.  Perhaps  it  could  have  been  seen 
in  the  upright  image  that  the  retinal  ve.«(*els  npnn  the  surface  of 
the  disc  were  at  a  deeper  level* than  those  on  the  adjoining  retina. 

Of  course  the  relations  would  Iw  different  in  case  of  atrophy  of 
the  optic  nerve  ensuing  where  there  was  previous  physidplogical 
excavation.  Under  such  circumstances  the  excavation  may  reiich 
a  great  size  and  depth,  so  thnt  extreme  cases  can  no  longer  be 
distinguished  from  prL-ssuro  excavation  hy  the  ophtlialm<jsnopic 
examination  ah>ne,  a  consideration  of  all  the  clinical  symptoms 
being  nccoAsary  in  making  the  diagnosis. 

In  some  few  eases  of  atroj>hy  of  the  optic  nerve  more  or  leas 
dark  pigment  hua  beea  seen  upou  the  surface  of  the  disc.* 

*  E.  r.  Jaogcr,  UcIht  Stnar  uud  StaaropcrMtiuncn,  pn^.  103,  Fig,  31  ;  Xicb- 
r«iph,  Klin.  MonHUbl.,  18ti4,  pag.  229;  Kiiapp,  Arch.  f.  Upbtlu,  B,  xiv.  1, 
p«ff.  252. 
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It  is  to  be  renicinberetl  that  even  under  pliysiological  relations, 
and  witli  normal  vision,  i>ij;nient  is  fuuiiil  in  tlio  optic  ners'e.* 

The  anittortiical  changes  which  ix-cnr  in  atrophic  degencratioo 
of  the  optic  nerve  have  been  [>artially  ileseribctl  under  the  huiil 
of  neuritis.  Both  anatomically  and  clinically  it  is  impossible  to 
sepamte  by  a  ijharply  dcHnod  line  a  retrobulbar  neuritis  from  an 
atrophic  process.  At  this  place,  therefi>re,  are  liescribed  only  tliose 
ohangcs  which  botli  from  a  clinical  and  an  anatomical  staml-jwiint 
must  be  considered  as  belonging  to  the  atrophic  ilcgcncration. 

Accx)rdiug  to  Yircbow,t  the  process  consists  in  atrophy  of  the 
nerve  fibres  and  changes  in  (he  Jntcrfibrous  substance,  which 
either  becomes  ajdeniutons,  or  corjKira  amylacea  or  nucrleated  cells 
develop  in  it.  The  disappearance  of  the  nerve  fibres  causes  a 
gray  transparent  aj>pcaranoe.  The  atrophy  njay  not  essentially 
aflfoct  the  retina,  and  may  be  limited  to  only  a  small  portion  of 
the  nerve. 

Virchow  distingnishcs  two  kinds  of  gray  atrophy,  or  degenera- 
tion of  the  optic  nerve, — a  total  and  a  |»art!al  or  mottletl, — and 
he  wramends  the  latter  siKscially  to  the  attention  of  ophtlialmolo- 
gists,  as  it  frequently  occurs  in  connection  wi^h  aflections  of  the 
brain  or  spinal  omi.  "The  nutttled  gray  atrophy  of  the  opticus 
appears  to  be  connected  espwially  with  the  niottlctt  atrophy  of 
the  spina!  cord,  and  under  these  circumstances  amaurosis  Is 
associated  with  paralysis  and  aniesthesia  of  the  extremities." 

LelK?r|  calls  attention  to  the  advantages  of  the  chloride  of 
gold  reaction  as  a  niethwl  by  whi(Ji  to  detect  optic-nerve  atrophy 
when  making  an  anatomical  examination.  The  failure  of  tliis  re- 
action at  certain  [larts  of  the  nerve  shows  the  existence  of  aLnif»hy. 

The  atrophy  of  the  oj^tic  nerve  may  end  at  the  chiasm,  or  may 
exist  Ix'hind  it,  and  may  correspond  with  similar  changes  in  the 
thulami  optiii  and  corpora  quudrigcmina. 

GLIOMA    OF    THE    ItETINA. 

The  tumors  which  VireItow§  designates  as  glioma  of  the  retiiui 


*  Lii-'brcii'l) ,  Alias  dcr  Ophthalmi'Sc'opic,  Tat.  xii.  Fig.  8 ;  E.  T.  Jaeger, 
■Oiphthulmost'opisclHT  Handntlos,  Taf.  xvi.  Fig.  7G. 

t  Areh.  f.  |mth.  Anal.,  B.  x.  pag.  192. 

♦  Arcli.  f.  Ophth  ,  B.  x\v.  I,  pog.  1G4, 
I  Gcscliwulslc,  ii.  pa(f.  isi  bis  167. 
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resemble  maorosmpically  the  white  fiulwtaiice  of  tbe  brain,  and 
are  in  fact  ideutieal  wiili  that  form  of  tumor  formerly  described 
as  encephaloid,  or  mcdullan,-  s:iR>omu  t)f  the  retina. 

Tlie  iiriocipal  mase  of  the  tumor,  aoeording  to  Virchow,  con- 
sists of  countless  nuclei  and  txlh.  Tlie  first  oorres]x>nd  often 
with  the  small,  round,  glistenint]^  nuclei  of  tlie  gmnular  layer;  at 
other  times  they  are  larger  and  more  gninulated.  The  wlls  are 
likewise  small*  and  are  ^cnorully  round,  though  sometimes  of 
irrf'gular  shape,  and  prnvi<led  with  delii-jite  ]irooesses.  Here  and 
there  can  be  seen  fibre  cells  with  very  long  pntcesses,  and  very 
sh<irt,  thin  cell  In^dies.  They  are  sometimes  isolattKl,  and  some- 
times several  are  connected  loj,'ether. 

The  devL'lopment  of  these  cellular  elements  takes  place  mostly 
in  tlie  extcinial  granular  layer,  as  nppnarwl  from  a  case  wliirh  I  ex- 
amined,* and  as  wiw  confirmed  later  by  llirschberg.f  Iwanotl^ 
has  further  shown  that  glioma  may  he  develope<l  from  the  (?on- 
nective-tis.«ne  cells  in  the  nerve-fibre  layer,  and,  moreover,  that 
tbe  cells  of  the  adventitial  coat  of  the  vessels  may  partieii}ate  in 
the  process.  IJut  little  intorfvlluhir  substance  nxn  be  seen.  Tlie 
tumor,  when  fresh,  appears  as  an  amorphou;*,  finely  granulated 
mass,  and  when  liardened  shows  a  fine  reticulated  charact«r.  The 
tissue  is  travei'sed  in  all  tlii-ections  Ity  vcssclsj  some  of  which  are 
widely  dilated.  When  the  tumor,  at  last,  bi-eaks  through  tbe  eye 
and  assumes  an  external  growth,  tlie  vessels  multiply  greatly, 
and  from  this  eircutustanee  comes  the  name  "  fungus  lin^niatotles" 
formerly  applied  to  such  j^jrowths. 

lu  glioma  of  long  standing  are  found  many  signs  of  degenera- 
tion, partirularly  fatty  and  calcareous  masses.  In  rare  instances 
tumors  occur  of  a  form  intermediate  between  glioma  and  sarcoma. 
Virdmw  has  designated  them  as  "glitisnrnoma." 

Von  Graefe§  has  descrihetl  the  clinical  course  of  glioma  in  his 
usual  masterly  style. 

Tbe  first  stages  of  its  development  seblom  come  under  nbserva- 
tiun,  for  the  patients  are  genenilly  small  children,  who  do  not 
cx>mplain  of  any  disturbances  of  vision,  and  the  attention  of  the 


•  Arch.  f.  Ophth..  B.  vi.  2,  jmg.  S24. 

t  Ibiil.,  B.  xiv.  2.  pu^'.  W. 
X  Ibid.,  B.  XV.  2,  p»g.  69. 
|Ibid.,B.  xiv.  2,  piig.  103. 
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parontR  is  first  cailled  to  tlip  comlition  \w  the  peonliar  reflex  from 
the  fimdus  of  the  eye,  which  is  seen  by  feeble  illumination  when 
the  pupil  is  dilated. 

It  is  easier  to  observe  ti»e  first  stage  when  the  disease  nffecls} 
somewhat  older  ehildrcn  or  lulult*.  Ophthalmoscopic  cxaminn- 
tion  reveals  peculiar  and  generally  very  numerous  white  sp4)t*  of 
variouR  sizes  upon  the  retina,  diH'ering  essentially  in  their  opacity, 
form,  ami  grouping  from  other  retinal  infiltrations.  These  sp')t3 
ut  pliicta  lie  imnieiliately  Ijeliiml  the  vessels  of  the  retina,  while 
at  other  places  they  extend  tlirough  its  whole  thickness,  hitling 
portions  of  the  vessels,  and  very  early  becoming  elevated  above 
the  general  f*urface. 

These  changes  are  always  soon  followed  by  detachment  of  the 
retina.  The  retina  and  the  tumor  «:rowing  from  it  are  gradually 
pre&^nl  forward,  causing  the  peculiar  reflex  from  the  tumor  and 
the  details  of  the  nnomaloiis  suHace  to  liccomc  still  more  ap- 
parent. By  ophtlialinoscojtie  or,  still  better,  by  focal  illumination 
the  tumor  e^ti  now  be  8eon  as  a  brilliant  while  prominence,  or  at 
certjiin  poin1.s  it  may  be  covered  with  newly  developed  ves%ls, 
essentially  diflerent  in  appeiimiioc  and  arrangement  from  thoae 
of  the  retinal  system.  The  reflex  will  accordingly  be  either  a 
chalky  white  or  a  yellowish  red,  with  an  interplay  of  colors  if 
the  anterior  surface  be  smooth.  This  peculiar  reflex  from  the 
fnndu«  of  a  blind  eye  was  first  described  by  JJeer  under  the  itame 
of  "  umaurt>tic  cat's  eye." 

The  optical  conditions  for  such  a  reflex  exist  when  a  bright- 
colortnl  body  lies  iuimi-diately  behind  a  tran8(>areut  lens.  Such 
a  pupiilurj-  reflex  may  therefore  be  caused  by  pus  or  new-formetl 
layers  of  tissue  iu  the  viti^eous  or  by  secondary  metamorphoses  in 
a  dctflched  retina.  Hut  the  best  example  of  this  reflex  is  fur- 
nished by  a  glioma  of  the  retina.  A  very  bright  white  reflex 
from  the  fundus  can  be  caused  by  scarcely  anything  else. 

There  may  he  pigment  in  tht^  tumor  as  the  result  of  hemor- 
rhage, but  except  as  cau^sed  in  this  way  it  is  absent.  This  and 
the  alwolutc  transparency  of  the  vitreous  in  front  of  the  tnmor 
furnish  the  conditions  which  make  possible  such  a  striking  illu- 
mination of  the  pu]>il  iLS  is  not  seen  in  any  other  afl'ection. 

The  steady  grt)vvth  of  the  tumor  is  generally  awompanied  by 
an  increase  of  intraocular  pressure.     There  ensues  a  glaucomatous 
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™«Uion,  characterizetl  by  iliffuse  clouding  of  the  oorneflj  dilnta- 
J'^n  of  the  pupil,  hy|K>rnemia  of  the  lar^  veins,  running  in  and 
J^'ueath  the  conjunctiva,  often,  too,  by  ci\taract.  The  diagnosis 
®  'Wsed  u|)on  the  facte  that  even  where  cataract  exists  the  reflex 
^^  be  recojjiiized  iis  coming  from  tlie  depth  of  the  eve,  and 
further,  that  in  children  glaucoma  is  ahnofil  never  a  primary  dis- 
^'^c,  but  generally  a  secondary  one, 

rrp<jtictitly  in  the  cour.tc  of  ^liiMna  there  occurs  an  intraocular 
^nfluinraation  of  a  decidedly  purulent  character,  which  ends  in 
atrophy  of  the  cyeliall.  Yon  Graefe  thongbt  tbe  cjiuse  of  this 
purulent  choroiditis  to  lx»  the  above  mentionetl  peculiar  degenera- 
tion of  the  glioma,  by  which  the  tumor  becomes  tilled  with  fatty 
and  calcareous  raa:$scs,  and  thus  breaks  down  into  a  granular, 
flocculent  pap.  Suppuration  of  the  cornea  is  a  rarer  cause  of 
choroidittB. 

The  course  of  tbe  disea^  is  ^nerally  not  checked  by  this 
intercurrent  shrinking. 

Tl>e  extraocular  growth  t)f  the  Uinmr  is  always  along  tine  course 
of  the  optic  nerve,  and  this  pruct'ss  may  begin  at  a  time  when  tbe 
intraocular  tumor  has  attained  but  a  moderate  size. 

The  beginnings  of  the  dcgoncmtivc  process  in  the  opticus  can 
bo  demonstrated  only  microf*coi»ically.  Ijater,  tliere  occurs  a 
swelling  of  the  nerve  suMance  projwr,  while  the  sheath  becomes 
thickeno<!  by  an  indifFerent  hyperplasia.  At  hist  the  condition 
becomes  Huch  tliat  the  awullen  or  degenerated  optic  ner\'e  cannot 
be  rcc<ignizod  in  the  morbid  growth  which  fills  the  orbit. 

Tbe  development  of  the  tumor  in  the  eye  is  generally  continu- 
ous, but  it  may  l>e  characterized  by  the  appearance  of  new  centres 
of  development.  Thus,  in  a  case  descrilied  by  Hindfleisch*  there 
was  besides  the  retinal  glioma  filling  all  the  interior  of  the  eye  a 
circumscribcfl  gliomatous  growth  scjKiratcx]  from  it,  between  the 
choroid  and  the  sclera. 

If  the  entire  interior  of  the  eye  be  filletl,  there  ensues  at  last  a 
rupture  forwanl,  generally  at  the  margin  of  the  cornea,  or  through 
it,  or,  more  rarely,  through  the  sclera.  When  thus  ex[>osetl  to  the 
air,  the  tumor  assumes  a  dark-red  ap|>carancc,  bleeds  copiously  on 
slight  provocation,  and  grows  with  great  rapidity. 


*  Klia.  UoDftUbl.  f.  Augotthoilh.,  1863,  pftg.  847. 
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It  is  exoGedinu:ly  difticult  to  (iL'teniiine  from  the  gyniptoms, 
time  when  the  optic  ihtvc  becomes  involvwl.  As  the  ncrvc  iu- 
creascs  moni  in  a  trnnsversc  tliaii  in  a  loii^itiuliimi  direottoii,  the  eye 
is  not  pertx'ptibly  cruwtietl  rorvvarii,a.s  happens  when  large  tumors 
develop  in  tlic  orbital  tissue«.  A'Mwixliiig  to  Von  Graefe,  the 
signs  by  which  t4>  recognize  a  tlegeneration,  swelling,  and  rigidity 
of  the  optic  nerve  are  tliat  the  eye  is  driven  from  1  (o  2  mio. 
forward,  and  at  the  same  time  there  is  a  flight  stilfness  of  move- 
ment, so  that  t!ie  eye  affected  falls  slightly  behind  the  other  in 
concomitant  movements. 

Moreover,  upon  pressnix.*  made  on  the  eye  in  a  <lirectirm  toward 
the  botfcoui  of  the  orbit  the  resistance  is  greater  than  normal,  anil 
the  natural  ilepression  l)etweeu  the  eye  and  the  orbital  wall  is 
obliterated. 

Of  course  these  symptoms  can  be  expected  only  when  the  diaeoee 
of  the  nerve  ia  somewhat  advanced,  lis,  beginning  cannot  be 
recognized,  but  there  is  always  reason  to  fear  it  when  the  tumor 
within  the  eye  has  attained  a  considerable  size  and  has  existed  a 
long  time.  If  rui)ture  occur  at  the  anterior  part  of  the  eye,  or  if 
the  eye  be  forced  forward  by  growths  in  the  orbit,  it  ia  oertiiin 
that  disease  of  the  nerve  has  long  existed. 

After  the  fatty  tissue  of  the  orbit  is  onoe  affected,  the  growth 
increases  very  rapidly.  The  same  ia  the  case  when  the  tumor 
breaks  through  the  anterior  part  of  the  eye,  and,  aside  from  the 
mere  gniwtli,  iiilhituniatury  and  liomorrhagic  proces:*e3  are  set  up. 

The  bony  walls  of  the  orbit  remain  long  uiiaH'ectetl,  but  the  path- 
ological pr<iccss  reaches  the  cranial  cavity  along  the  optic  nerve, 
generally  by  a  steady  pnigrussion,  but  sometime?,  partictdarly  at 
n  late  stage,  as  if  by  sudden  leaps.  Metastases  have  been  ol>9erved 
in  distant  organs,  for  instance,  in  the  diploo  of  the  skull,  the-liver, 
the  ovaries,  and  the  retro-peritoneal  tissue.* 

Retinal  glioma  is  almost  exclusively  a  disease  of  childhood,  and 
probably  also  occurs  cougenitally.  Only  very  exceptionally  does 
it  develop  in  adults. 

That  hereditary  causes  have  something  to  do  with  it,  is  shown 
by  the  fact  that  it  has  lx«n  observed  in  several  coses  to  occar  in 

*  Knapp,  Die  intrnocuUren  Oeschwulstc,  1868,  pag.  0  ;  SchieM-Gf^niviM-iw, 
Virchow's  Arch.,  J3.  xWL  UcftS;  Ueymann  and  Fiedler,  Arch,  f.  Ophth., 
B.  IT.  2,  pag.  178. 
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(lifTcrent  menil)er8  of  the  same  family.  Von  Graefe  re|x>rt«  two 
such  caHCs.  In  one*  family,  uinon^  bIx  or&uven  brothors  and  sUtors, 
two  wen?  artes'te*!  in  cliiMlifMid  with  glioma.  In  the  other,  the 
mother  of  a  child  nllet^twi  with  glioma  Imd  lt>9t  fievenil  brothers 
and  sisters  diirinj;  infancy  by  "  cancer  of  the  eye." 

Tht'  iiii:>crtioii  nindo  by  some  authors  tlint  glioma  of  the  retina 
must  liRve  an  inflamniatorj*  origin,  Von  Graefe  regards  as  un- 
doubtedly crroneonp.  Inflammatory  pnwesses  occur  in  the  cotirse 
of  glioma  after  tlie  tumor  hus  attained  a  considcmble  development, 
but  they  are  not  the  occasion  for  lis  beginning. 

According  to  Von  Graefe,  the  ccmrse  of  the  disease  is  uninter- 
ruptttUy  progressive.  He  does  not  athuit  the  occurrence  of  pauses, 
as  descrilKHl  by  Mackenzie  and  others.  Between  the  time  of  the 
first  olwcrvation  of  the  dlsciwe — that  is,  from  that  sta^c  when  only 
a  small  portion  of  the  interior  of  the  eye  is  fillwl  with  the  tumor 
until  it  attains  a  perceptiljle  extraocular  Llevclopmcut — there  inter- 
venes a  [K'riod  of  from  one  to  thrct?  years. 

The  ab8or])tioi»  of  a  i*etinal  glioma  is,  according  (o  Von  Graefe, 
not  conceivable.  The  obt»ervations  which  have  been  thought  to 
show  the  post4il)ility  of  sucli  a  thing  must  be  interpreted  as  mere 
shrinkages  of  the  eye,  and  of  a  tnuwitory  c-haractcr. 

It  is  Hnally  to  be  mentioned  that  glioma  not  infrwjnently  occurs 
in  both  eyes.  Generally  the  second  eye  is  attacked  after  the  dis- 
ease is  already  far  advancctl  in  the  first.  Anatomical  examination 
has  shown  that  this  does  not  occur  by  simple  extension  through 
the  chiasm.  Tins  bilateral  disease  may  |jerhap5  be  regarded  as  a 
metastasis,  if  it  be  not  sufficient  to  regard  tliis  ns  jiamllcl  with 
those  frequent  cases  In  which  diseases  occur  simultancuusly  in 
both  eyes  without  any  known  caiuses. 

■Treatment  furnishes  no  very  satisfactory  resuUs.  The  indica- 
tion surely  exists  for  as  early  an  extirpation  as  possible,  and  oGTers 
at  least  the  hojx?  of  saving  the  life,  when  the  intraocular  tumor 
is  small  and  the  optic  nerve  is  not  yet  affected.  If,  however,  the 
intrai>cular  tumor  Iw  alrea<ly  far  tievoloped,  and  the  dis*'ase  have 
extended  to  the  nerve,  extirjjation  seems  oidy  to  hasten  the  fatal 
'  result. 

It  has  already  been  remarked  that  the  beginning  of  degenera- 
tion in  the  optic  nerve  cannot  l>e  diagnosed  ;  but  its  existence  is 
always  to  be  assumed  when  the  disease  has  lasted  a  long  time,  and 
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when  the  interior  of  the  eye  is  entirely  filled  with  the  tumor. 
Von  Graefe,  therefore,  advises  in  these  cases,  in  making  the  extir- 
pation, to  divide  the  optic  nerve,  not  as  usual  with  the  scissors, 
but  with  a  neurotome,  and  as  far  back  in  the  orbit  as  possible. 

After  decided  degeneration  of  the  optic  nerve  is  once  estab- 
lished, the  local  reappearance  of  the  disease  in  the  orbit  generally 
occurs  within  a  few  months  after  the  extirpation.  Even  in  cases 
where  the  cross-section  of  the  optic  nerve  made  during  the  opera- 
tion api>eared,  both  raacroscopically  and  microscopically,  to  be 
perfectly  normal,  reappearance  of  the  disease  in  the  orbit  has  been 
observed  within  a  year. 

Further  experience  must  decide  the  question  whether  better 
results  are  to  be  obtained  by  a  periosteal  extirpation  of  the  entire 
contents  of  the  orbit  (see  page  200). 


GLAUCOMA. 


I 


The  real  nature  of  glaucoma  was  first  understood  when  an  ab- 
normal increase  in  tlic  intraocular  jjrcssurc  cauie  to  be  regardctl  aa 
the  eisseiitial  element  in  the  disease.  It  was  known  to  the  older 
ophthalniolc^ists  that  in  glaucoma  the  eye  Iw^-omes  abnormally 
hard,  but  the  fiuiduiuental  )in]>ortuncc  of  this  increoin;  in  intra- 
ocular prefifiurc  was  tiret  appreciated  and  pointed  out  by  Von 
Graefe. 

Von  Graefe  regarded  glaucoma  as  essentially  an  inflammatory 
disease  whioFi  might  Ik  calh^l  a  se<;reting  choroiditi.s,  but  Dondcrs 
showed  that  an  intraocular  pressure  might  exercise  its  deleterious 
iutlufiice  U|X>n  vision,  ciitirulv  iiKlepcndent  of  inflanunation. 

Donders,  tlierefore,  rcgankil  (he  increased  pressure  as  in  itself 
the  es^utial  c^iu^c  of  glaucoma,  and  the  occurrence  of  the  iuJIaui- 
niation  as  an  exccedin(^ly  frequent  complication. 

Since  tiic  increase  of  intraocular  pressure  may  rcocli  a  very  high 
degree  without  the  ofcurrcnce  of  any  inflammatory  symptoms,  an 
inflammation  cannot,  at  ha-st  for  the&e  cases,  l>c  regardeti  a-s  the  cause 
of  the  increased  prcjisure.  It  in  no  way  relieves  the  difficulty  to  re- 
gard the  increased  pressure  ns  the  consequence  of  an  tnflanimatory 
process.  No  inflatninutlun  of  the  eye,  not  even  acute  clioroiditis, 
causes  by  itself  an  actual  ami  ]>eruiaueut  iucreane  of  the  intraocular 
pressure.  Even  copiuus  intiiunmatory  exudations,  for  instiince, 
in  detachment  of  the  retiiiu,  gcncruily  do  not  cuune  an  increase 
of  pressure,  but  rather  a  compensating  resorjition  of  the  vitreous 
bo<Iy.  The  question  then  always  recurs,  why  it  is  that  in  secreting 
choroiditis  there  is  an  increase  of  pressure,  and  we  are  driven 
to  the  conclusion  that,  in  the  inflammatory  as  well  as  in  the 
non-inflammatory  eases,  there  must  be  some  mtMlificntinn  of  the 
physiological  laws  winch  govern  the  secretion  of  the  wular  fluids. 

Ludwig  showetl  that  the  secretion  of  tlic  submaxilJary  gland 
was  regulated  by  the  nerves.  Donders  assumed  a  similar  relation 
as  regulating  the  secretion  of  the  ocular  fluids,  and  reganled  the 

601 


602 


OI.AtrcOMA  SIMPLEX. 


fifth  non^e  ns  the  one  which  controlled  these  secretions,  since 
after  itH  (iiviHiou  and  in  certain  canes  of  its  paralrsis,  an  cvirlent 
decrease  in  tension  was  observed.* 

Griinhagen  and  Hipi^elf  found,  also,  that  by  electric  irritation 
of  the  root  of  iJie  fifth  nerve  an  iiume<liate  and  very  remarkable 
increased  intraocular  pressure  was  cause*!. 

According  to  Doudcrs,  the  primitive  forra  of  glanooma  (glau- 
coma simplex)  is  represented  by  those  cases  in  which  there  is 
simply  intTftwed  pressure,  but  no  apparent  inflammation,  while 
those  i*asc9  which  are  oumpllcuieil  by  inSammation  are  classified  as 
glaucoma  mm  npbthalmia,  or  as  inflammatory  glaucoma* 

In  deliiiing  tlie  two  forms,  it  is  to  be  noticed  that  cases  of  in- 
flammatory glaucoma  may  gradually  pass  over  into  a  non-inflam- 
matory cnndition.  Still,  my  experience  satisfies  me  that  all  cases 
in  which,  during  the  course  of  tlie  disease,  there  has  been  glauciv 
matous  inflammation,  even  though  transitory,  must  be  regarded 
OS  inflammatory  glaucoma. 


OLAVCOJtIA  SIMPLEX. 

All  the  symptoms  of  glaucoma  simplex  may  be  trace<]  back  to 
a  very  gradual  incre:i><e  in  the  intraocular  pressure.  At  first  this 
increase  in  pressure  is  often  very  slight  and  difficult  to  reoogniie 
by  the  sense  of  touch,  even  though  excavation  of  the  optic  disc 
due  to  pressure  be  alre:tdy  taking  place.  In  the  later  stages  the  eye 
oS'ers  greater  rcsi.stance  to  tourii,  and  often  l>ecomes  stone  bar^l. 

The  conse<(uences  of  this  grathial  increase  of  pressure  apj)ear 
first  in  a  clmiigc  of  form  of  the  optic  disc  According  to  hydro- 
static laws,  tlie  intraocular  pressure  acts  unifornily  ujwn  ever}*  part 
of  the  membitinons  envelope  of  the  vitreous  body.  The  place  of 
entrance  of  the  optic  nerve  is,  however,  a  weak  |>oint,  because  just 
here  the  solem  is  penetrate<l  by  the  nervous  fascicles,  and  it  is 
tlicrefore  plain  ihat  just  nt  this  place  it  will  first  yield  to  tJic 
increased  prcsKure. 

The  essential  anntarnitad  character  of  this  excavation  (insists 
in  this,  tliat  tlie  lamina  cribnisa  is  compressed  and  forceil  Imck- 


*  Arch.  f.  Ophth.,  B.  ix.  2,  pag.  216;   Klin.  MoniiUblatt  fur  Augenheit- 
kunde,  18(Jl,   pu^.  434. 
t  Arcli.  f.  Ophlh.,  B.  xiv,  8,  pag.  219,  and  B.  XT.  1,  jMig,  2i55. 
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waitl  behind  the  general  inner  surface  of  the  sclcrfl^  often  so  far 
that  the  floor  of  the  excavation  lies  posterior  to  the  outer  surface 
of  the  sclera.  Tlie  place  of  enti-ance  of  the  optic  nerve  is  now 
oocupieil  by  a  ImjUow,  its  floor  formed  by  the  lamina  cribroea 
and  il;i  walls  by  the  sclera.  Tt  is  filled  partly  by  the  vitrei>us 
body,  and  partly  by  the  degenLTtUed  tissue  of  the  optic  nerve, 
lying  above  t!»e  lamina  cribrosa. 

Fio.  47. 


^o 


H  ff,  x^^^tM :  CK,  rhorotil ;  IV,  etntnti  vmutI*.  Thi>  wkII*  of  ihe  «>aiv*tioii  ftr*  cwrcrwd  with  iin 
11l->leniie4  liHiic,  conaiitlng  dT  llin  nitmiim  of  llx'  U'niiinal  fitirr*  of  thr  niilic  ucrvn  ■nil  uf  lliv 
vllrvuua  lioit.v.     I  r*  fliwr  ia  funDtrl-sbaped,  iluo  to  ib»  iinitr»tion  of  the  cmtrvl  oiuiil  of  th«  rctttml 

The  excavation  is  often  kettle-shaped,  which  may  be  explaiiietl 
partly  Xvf  the  anafomit^ul  structure  of  the  lamina  crlbrosa.  That 
jmri  of  the  optic  nerve  which  pcnctrntcs  the  pclera  is  often  not  a 
simple  cylinder,  but  i.-j  cidarj;cd  ut  ctTtJun  plact-s  in  such  a  way 
that  the  greatest  diameter  of  the  lamina  cril)ro«a  i-s  greater  than 
the  fiiranien  choroidcie,  and  lies  |)oslerior  to  it,  When  an  optic 
nerve  Sf>  formwl  l)ccomes  excavatwl,  a  kettle-shajicd  depression 
must  necessarily  result.  Moreover,  the  same  jires^urc  which  forced 
the  lamina  cribrosa  backward  actj*  upon  the  lateral  walls  of  the 
excavation  itself,  tendinj;  thus  to  bulge  them  outward. 

The  retinal  vessels,  together  with  the  remnants  of  the  nervous 
elements,  lying  u[M)n  the  lamina  cribroAii,  are  naturally  at  the 
same  time  force<l  against  the  walls  of  the  excavation,  and  since 
tlie  greater  part  of  ihcni  pass  over  to  the  median  side  of  the 
optlo  nerve,  they  mount  also  up  the  median  lateral  wall  of  the 
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excavation.  When,  after  a  jjrotmctod  glaucomatous  process,  the 
excnvaiion  !ins  l)ccome  very  deep,  it  may  liapjK-ii  that  the  va*- 
cular  L'unal  in  tlie  centre  of  the  optic  nerve  becomes  distended. 
The  vessels  are  thereby  forced  against  the  median  lateral  wall 
of  the  excavation,  and  it  may  ha]t]>eii  tliat  u]x)n  ophtlialmo- 
scopic  examination  the  floor  of  the  excaviitiou  appears  defitiiulc 
of  vessels. 

In  tlie  ophthalmoscopic  view  of  the  pressure  excavation  sf>e<"ial 
notice  is  to  l)c  taken  of  the  sliaq)  liorder  lying  in  the  plane  of 
the  choroid,  and  also  of  the  floor  of  the  exeavatiun.  The  latter 
presents  generally  the  charaoteri^tic  api>earunce  of  the  lamina 
cribrofia, — that  is,  a  net-work  of  connirlivc  tissue,  having  rounded 
or  oval  meshes,  penetrated  and  Hlled  by  the  fascicles  of  nerve 
fibres,  whicli  are  of  a  bright-gray  color. 

At  the  point  where  the  retinal  vessels  pass  over  the  sharp  edge 
of  the  excavation  they  experience  a  compression,  which,  when 
the  increased  pressure  is  very  great,  and  espoeiully  wlien  it  has 
developetl  very  rapi<lly,  causes  a  stasis  of  bh«id  in  the  veins. 
Oftcner,  and  generally  most  striking  in  the  csise  of  the  veins, 
there  is  another  change  in  the  ophthalmoscopic  appearance  of  the 
retinal  vessels.  They  ai)pcar  to  end  in  hook-sh!i|)e<l  extremities 
at  the  point  where  they  bend  over  the  edge  of  the  excavation 
to  descend  upon  its  lateral  wall,  while  the  portions  of  vessels 
visible  upon  the  flfMjr  of  the  excavation  appear  tf»  lie  sharply  cut 
olF  at  tlie  point  where  they  are  liiddeu  by  the  overliunging  e^lge. 

These  vessels  also,  altliough  at'tuaSly  continuous  by  a  portion  of 
their  trunks  not  visible,  iipiK'tir  as  if  displaced  from  one  another 
laterally.  This  ni;iy  Iw  un<ier?tood  by  remembering  that  during 
the  ophthalmoscopic  examinution  we  cannot  see  the  excavation 
from  various  iHiints  of  view,  but  only  through  the  pupil  of  the 
eye  under  examination. 

Generally  the  entire  median  wall  of  the  excavation  is  invisible, 
which  explains  fully  the  above  descrilx^  ap[>carance  of  the  vessels. 

Alore  iVcquentiy  it  is  possible  to  wHi  the  wall  on  the  temporal 
eidc  of  tlie  excaviition  in  its  whole  extent  from  the  choroidal 
margin  to  the  lamina  cribrosa,  and  to  appreciate  the  angle  which 
it  forms  with  the  latter.  One  can  follow  the  eur\'es  of  the  fine 
retinal  vessels  as  they  jiass  from  tlie  floor  to  the  wall  of  the  ex- 
cavation, and  again  wlien  they  leave  the  wall  to  spread  out  upon 
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the  plane  of  the  retina.  In  such  case^  the  lateral  wall  often 
appears  of  a  lijj;l»t-bro\vn  color,  on  account  of  the  ]»igmejit  con- 
tained iu  ihis  part  of  the  sek'ru. 

The  ilepth  of  the  excavation  raay  be  calculated  from  the  optical 
difference  of  iho  correcting  lenses  neethxl  to  see  distinctly  in  the 
upright  iniage^  flp^t  the  plane  of  the  retina,  and  then  the  Hoor  of 
the  excavation.  In  the  inverted  image  the  difference  in  {larallax, 
produiHxl  by  moving  tlie  convex  lens,  is  directly  deitendcMit  n]>ou 
the  ditlorence  of  level.  One  must  notice  also  that  in  slight  niove- 
■  incnts  of  the  convex  lens  the  entire  margin  of  the  excavation 
moves  over  the  floor.  If  the  movements  of  the  mnvtjx  lens  be 
made  at  right  angles  to  the  course  of  some  jMrticidar  retinal  ves- 
sel, one  can  see  distinctly  that  the  jwrtion  of  the  vessel  lying  in 
the  plane  of  the  retina  apjiears  lo  move  fartlier  than  that  portion 
upon  the  Hoor  of  the  cxaivation.  The  greater  the  parallax  the 
deeper  the  excavatioti. 

The  margin  of  the  excavation  is  often  surroundeil  by  a  narrow 
bright  ring.  I  have  satisfied  myself  from  amUotnical  examina- 
tion that  this  iH  due  to  an  atrophy  of  the  choroid  surronniling 
the  optic  disc.  I  found  the  choroid  to  be  changed  in  this  place  to 
a  ver)*  thin,  absolutely  transparent  membrane,  just  as  in  a  high 
degree  of  alntphy  caused  by  ehuigation  of  the  axis  of  the  eye, 
except  with  this  difference,  that  iu  myopia  the  absolutely  atrttphied 
jM^nion  merges  gradually  into  tlie  iioriiial  choroid,  while  the 
atrophied  part  of  the  choroid  surrounding  an  excavation  is  sharply 
bounde<l  by  the  normal  choroidal  tisfiue.  The  cause  of  the  atrophy 
is  probably  this,  that  often  very  considerable  bundles  of  fibres 
run  from  the  choroidal  ring  into  the  lamina  eribrosa,  and  when 
tJds  last  is  forced  Ijackward  the  tension  is  extended  to  the  choroidal 
ring,  causing  its  atrophy.  It  is  only  seldom  that  the  form  of  the 
airophie<l  pr»rtion  is  serrated  instead  of  annular. 

It  often  happens  also  that  the  atrophied  choroidal  ring  is 
Btaphylomaious.  In  tht-se  caws  the  excavateil  optic  disc  is 
surrounded  by  a  small  annular  scleral  ectasia,  which  of  course 
supports  a  part  of  the  pressure,  which  otherwise  would  have 
cause<l  more  rapid  destruction  of  vi^^ion. 

With  slight  practice  in  ophthalmoscx»pie  examination  a  fully 
develo|»ed  pressure  excavation  can  scM»reely  be  overlooked,  and 
Btill  under  certain  circumstances  there  may  l)e  considerable  diffi- 
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wilty  in  diagnosis,  »incc  pliysiologicul  cxcavntions  due  to  senile 
flianges,  or  still  inoro  U)  atrophy  of  the  ttptit;  nen'c,  inny  assume 
forms  ftc;»rcely  to  be  dLstiiiguishLtl  Ihim  pivs-sure  excavatious. 

The  pliysiologicai  excavation  is  in  its  typical  form  not  less 
characteristic  than  the  gl  an  coma  tons.  Nevertheless  it  is  probable 
that  in  advanced  age,  ijerhapj*  from  senile  atrophy  of  the  connect- 
ive tissue^  a  physiological  excavation  raay  be^-ome  unufiiuilly  deep 
and  broad,  j-o  that  it  approaches  uiM)n  all  stides  the  bowler  of  the 
optic  disc.  Moreover,  tlie  shrirpiiess  of  the  margin  and  the  *toep 
walls  of  the  excavation  furnish  no  certain  diagnasticcritc*ria,  since 
the  nuii^in  of  tlie  physinloigicat  excavati(»n  may  also  be  very  sharp 
and  itii  walls  very  steep. 

One  must  pronounce  for  the  existence  of  a  pressure  excavation 
when  a  ."liarp  inar/;in  and  steep  wall  coincide  with  the  margin  of 
the  optic  disc, — that  is,  with  the  inner  nerve  sheath, — and  so,  too, 
in  cases  .where  the  excavation  is  only  partial,  so  that  a  imrt  of  the 
optic  <lisc  lies  in  its  normal  plane. 

The  greatest  diagnostic  difficulty  is  when  atrophy  of  the  optie 
nerve  develops  where  there  was  previously  a  deep  physiological 
excavation. 

The  excavation  becomes  hy  the  degeneration  of  the  nervous 
elements  deeper  uml  bnwler,  its  border  appnxicheri  that  of  the 
optic  disc,  and  the  ophthalmoscopic  apjx'arance  is  scarcely  to  be 
diNtingnished  from  that  which  is  seen  when  jiressure  excavation 
eaurics  atrophy  of  the  optic  nerve. 

Under  these  circumstances  the  other  diiignosttc  signs  arc  often 
wanting.  The  evi<U'n(v  of  nn  increase*!  teiirfiou  of  the  eye  may 
bi!  duubtJ'ul,  and  the  other  symptoms  due  to  increased  pressure 
are  then  frequently  absent.  Spontaneous  arterial  pulsation,  for 
instance,  ocvtu-s  whei-e  the  increjL'K^  of  procure  is  ronsideralile  and 
rapid  ;  In  glaucoma  sin^jtlex  tins  generally  fails,  and  the  fact  tlwt 
this  phenomenon  can  easily  be  produced  by  slight  pressure  of  the 
finger  upon  the  eye  cannot  c^mtirm  a  doubtful  diagnosis,  l)ecaiL*!e 
in  this  H'spcrt  very  considerable  physiological  ditlerences  exist. 
Very  frequently  under  absolutely  physiological  relations  a  slight 
pressure  of  the  finger  snffiL-es  to  prmluoe  the  arterial  pulsation. 

Frequently  the  functional  examination  clears  up  the  difficulty, 
sinee  under  these  circumstances  a  dvfcct  appearing  first  in  the 
outer  half  of  tlie  visual  field  speaks  more  for  atrophy  of  the  optic 
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nerve.  Vn  other  casea  the  furtJier  course  of  the  disea-se  furnielies 
the  first  ohic  to  the  real  njiture  of  the  exeavation,  since  cither  tlie 
jiixigressive  ntrophv  or  (he  iiuTwise  of  intRioc-ulur  preasure  will 
hecome  plainly  ap[>arent. 

ThcrMi  ilia^iiustic  (UiTiciiltifs  an.'  iiiorensetl  by  tlie  cironmshinrc 
that  pressure  exoavalfotis  mav  occur  in  eyes  in  wliith  au  itn'ioase 
of  tension  is  not  perceptible  to  toueh. 

The  diagn08i<«  of  glaucoma  ^siinplex  is  made  alnmsit  alone  ujKia 
tiie  evidence  of  increa.«c(t  intraoculiw  pressure  ami  tfie  excavation 
of  the  optic  disc  dependent  upon  it  If  the  increase  of  tension  lie 
doubtful,  we  must  remember  that  for  the  rems^mH  above  stated 
the  ophthalmoscopic  examination  alone  does  not  always  furnish 
decisive  resulli>. 

It  is  of  grent  imi>ortaiice  in  such  cases  to  comjMire  the  two 
eyes.  Decided  physiolngi«iI  excavation  is  almost  always  bilateral. 
Accordingly,  if  in  one  eye  the  optic  disc  prt^sent  a  flat  surface, 
while  iu  the  other  it  is  excavated,  it  miist  be  due  to  pressure;  but 
in  such  a  case  one  would  not  fail  to  notice  a  difference  in  tension 
between  the  two  eyes. 

For  the  evidence  of  increased  tension  we  rely  principally  on  t^»e 
sense  of  touch.  According  to  Coccius,  this  examination  is  l>ost 
made  as  foUows.  The  jvitient  is  directed  to  look  upwanl  while 
the  examiner  places  his  two  index  fingers  upon  the  sclera  below 
the  cornea,  and  then  testa  the  resistance  whi<!h  the  eye  offers  to  a 
slight  pressure.  Or  one  may  pniss  the  margin  of  tJie  under  lid 
upon  the  sclera  aud  estimate  the  size  of  the  depression  thereby 
caused.  In  both  (^ises  we  endeavor  to  determine  the  degree  of 
foroe  necessary  iu  order  to  produce  a  given  impression  upon  the 
eye. 

There  are  instruments  called  tonometers,  designed  to  measure 
exactly  the  force  necessary  to  produce  on  the  eyeball  a  depression 
of  known  and  measurable  dcptli;  but  they  have  not  yet  lieen 
generally  adopted  in  practice,  for  reasons  not  necessary  lierc  to 
enumerate. 

Iktwman*  has  proposed  to  indicate  the  normal  tension  of  the 
eye  as  determined  by  tlie  sense  of  touch  by  the  letter  T,  and  the 
d^rees  of  increa^  tension  by  -f-  T„  T„  T„  and  the  dt^rees 
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of  decreased  tension  by  ~T„  T,,  Tj.  This  whole  scale  is  of 
course  fiiini»ly  a  system  of  ahUreviations  wliich  in  economy  of 
time  is  of  sjiglit  value.  It  requires  only  a  little  more  time  and 
space,  but  is  much  more  comprehenijible  to  the  general  under- 
Htaniliii^^  for  instanre,  Instead  of"  -j-  Tn,"  to  write  "stone  hard," 
or  iuiitejiJ  of  "  -f  T,  V"  to  write  '*  doubtful  ini:rea«c  of  tension.' 

If,  as  is  generally  the  cane  in  glaucoma  simplex,  the  inor 
of  intraocular  pressure  develop  only  gradually,  and  if  in  con.«c- 
(pieuee  of  this  the  optic  disc  be  only  slowly  excavated,  the  priss- 
ure  excavation,  when  physiological  excavation  pre-existed,  n»ay 
reach  a  consi<icrable  depth  without  disturbing  vision. 

Finally,  however,  a  destruction  of  nervous  elements  is  sure 
to  occur.  For  the  nerve  lihrcs  which  pass  through  the  lamina 
cribrnsa  arc  compressed  tinniltancously  with  itj  but  even  if  they 
escape  tliis  danger,  they  ViW  presse<l  aganist  the  sliarp  edge  of  the 
excavation  at  the  jKnnt  wlit  iv  titcy  pass  over  into  the  retina.  The 
conset|uence  is  a  gratlual  atrophy  of  the  nerve  fibres,  mo8t  a|>- 
parent  at  the  margin  of  the  excavation.  Just  here,  where  the 
layer  of  nerve  iibrcs  sluiuld  he  Ehicktrst,  it  is  often  reduced  lo  a 
minlmuni. 

Kxcavatcd  optic  discs  often  iLssunie  for  this  reason  the  opaque 
white  color  characteristic  of  atrophic  degeneration.  In  the  retina 
there  follows,  as  the  invariable  consequence  of  this  condition,  an 
atr<tphy  of  the  nerve  fibres  atnl  ganglion  cells,  while  the  other 
retinal  elements  remain  nticlmngcd. 

The  first  uuticeable  etll-ct  of  this  process  upon  tlic  sight  ia  a 
limitation  of  the  field  nf  vision,  wliich  generally  l»egins  in  the 
inner  upper  or  inner  lowiMquadnint,  and  extends  from  there  toward 
both  the  puriphcn*  an<l  the  centre.  It  may  thus  gradually  assume 
a  cf)nccntric  i'orm,  involving  the  inner  rather  more  than  the  outer 
half  of  the  field  of  vision,  so  that  by  a  simultaneous  rciluctlon 
from  above  and  l>elow  the  visual  fii-ld  is  rednc<;<l  to  a  small  hori- 
zontal or  incllueil  atri]>e  whose  inner  limit  approaches  the  fixa- 
tion-jiotnt.  Central  vision  is  often  for  a  long  time  not  interfered 
with  ;  indce<l,  it  may  hapjHin  that  with  a  high  degree  of  c<m«;n- 
tric  limitation  of  the  field  of  vision  a  small  visual  field  with  m 
fair  ilcgree  of  central  vision  remains.  Generally,  however,  Uie 
defect  spreads  from  the  inner  half  of  the  field  of  vision  as  far  as 
the  fixation-point;  causing  then  serious  disturbance  of  vision. 
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Glaucoma  simplex  may  in  this  way  cause  absolute  blindness 
without  the  occurrence  of  inflammatory  symptoms  or  any  incon- 
venience other  than  the  loss  of  vision.  The  eye  becomes  stone 
hard,  the  optic  disc  deeply  excavated,  and  generally  the  branches  , 
of  the  anterior  perforating  veins  running  in  the  conjunctiva  are 
dilated  by  mechanical  hypenemia.  Contraction  of  the  anterior 
chamber  and  sluggishness  of  the  iris  also  occur.  Other  externally 
visible  changes,  which  are  so  noticeable  in  inflammatory  glaucoma, 
for  instance,  clouding  of  the  cornea  and  dilatation  of  the  pupil,  do 
not  occur  in  glaucoma  simplex.  I  am  satisfied  that  all  eases  of 
glaucoma  which  present  either  of  the  two  last-named  symptoms 
should  be  regarded  as  belonging  to  the  inflammatory  form,  even 
although  there  is  at  the  time  of  the  examination  no  pericorneal 
injection. 

The  course  of  the  disease  is  generally  very  tedious,  and  extends 
over  several  years;  it  is  only  exceptionally  that  glaucoma  sim- 
plex causes  blindness  in  a  shorter  time.  Both  eyes  are  generally 
affected. 

INFLAMMATORY    GLAUCOMA. 

Under  this  head  are  included  all  those  cases  in  the  course  of 
which  inflammatory  symptoms  occur.  They  form  the  great  ma- 
jority of  cases.  The  relative  frequency  of  the  two  forms  cannot 
be  exactly  stated.  Aside  from  the  possibility  above  referred  to,  of 
confounding  glaucoma  simplex  with  certain  changes  in  the  form 
of  the  optic  disc,  the  existing  statistical  examinations  disagree  con- 
siderably. Statistics*  showing  simply  the  condition  in  which  the 
patients  presented  themselves  for  treatment,  give  for  glaucoma 
without  inflammatory  symptoms  about  one-third  of  all  cases, 
while  HaffhianSjt  among  82  eyes  which  were  absolutely  blinded 
by  glaucoma,  recognized  inflammatory  symptoms  73  times.  One 
may  assume  that  generally  an  increase  of  pressure  precedes  the 
appearance  of  inflammatory  symptoms;  indeed,  it  is  doubtful 
whether  glaucomatous  inflammation  ever  occurs  without  previous 
increase  of  pressure. 


*  Becker,  Bericbt  der  "Wiener  Augenklinik,  1867,  pag.  9;  Lucian  Kydol, 
Uc'ber  Glaucum,  ibid.,  pag.  18D;  I^uquer,  Etudes  cliniqucs  sur  le  GlaucAmc, 
Annulet  d'Oculifitique,  I8C0,  Juuvler  et  Fevricr,  ptg.  Z9. 

f  Arch.  f.  Ophth.,  B.  viii.  2,  pag.  U6. 
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The  fact  tlmt  in  glaiux»nia  simplex  tlio  eye  may  become  stone 
hard  without  inflammatiun,  shows  tliat  exetsisive  pre^ure  docs  not 
of  necesfiily  «uise  inHanimati'Hi;  still,  it  is  very  probable  that  it 
will  tlo  so  if  tliu  increase  of  pressure  be  rapid.  A  case  reported 
by  L.  Uydel*  is  very  interesting  in  this  eonneetion.  In  it^  rapid 
and  very  eonsidemhle  increase  of  |>res.sure  was  obscrvcti  as  the 
precursor  of  very  severe  glaucomatous  inflununution. 

Nearly  all  the  symptonifi  which  ;rivc  to  glancomatmis  inflnmmn- 
tion  its  peeuliar  charauter  may  l»e  referred  to  the  inHuene-e  of  a 
rapi<l  increase  of  iutraoinilar  pressure.  Ituinsesa  [)eculiar  appear- 
ance in  the  [K'ricornenl  injection.  Not  only  is  there  hyperiemia  of 
the  numerous  fine  arterial  vessels  which  radiate  about  the  nuirgin 
of  the  cornea,  but  there  is  ut  the  same  timCj  and  in  a  still  higher 
deprt't',  !i  dc't'idwl  venous  hypei:emia.  The  fniG  venous  net-work 
surrounding  the  cornea,  whieh  in  the  normal  eye  is  scarcely  visi- 
ble, and  the  larj^;r  brauehes,  part  of  wliidi,  as  perforating  vessels, 
emerge  from  the  sclera,  arc  excefisively  and  uniformly  dilated. 
They  are  over-filled,  since  from  the  sudden  increase  of  pressure 
the  How  of  bloixl  through  the  venie  vurtieofw  is  made  diffieult, 

We  observe  similar  processes  in  the  ciliary  nerves.  They 
can  accf>mmodate  thcTns(;lves  to  a  gradual  increase  of  ]>res«sure, 
but  a  sudden  imtvase  causes  disturl>auees  in  both  tJic  sensitive 
ami  the  motor  fibres. 

Among  these  are,  first,  those  severe  eiliary  nenratgias  which 
affeut  not  only  the  eye,  but  pnneipally  the  supra-orbital  region, 
and  oi\en  the  entire  half  of  tlie  head.  Frequently  these  pains  are 
the  symptom  of  whieh  the  piUient.H  complain  mrv^t,  and  this  fact 
may  lead  to  serious  diagnostic  errors.  A  false  diagnosis  may  still 
more  easily  l)e  made  when  simultancoasly  severe  vomiting  oocars, 
whieh  dlstrucls  the  attention  from  the  eyes  to  the  gastric  oi^ans. 

Aside  from  these  pains,  symptoms  of  pamlj'sis  apjjcar  in  the 
sensitive  nerves  of  the  eye  itself,  A  |>art  or  the  whole  of  the  cor- 
nea hjscs  its  sensibility,  so  that  it  may  be  touched  with  tlie  finger 
without  any  symptoms  of  reaetion.  That  in  these  «ises  riic  con- 
duction is  aetually  interfered  with  by  the  pressure,  is  ])rove(l  by  the 
ol»servation  of  Von  (iraefe.t  'l»!»t  inmic<liately  atler  the  puncture 
of  tJke  anterior  chamber  seiuuitiou  may  again  appear  in  the  oornea. 
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The  paralysis  of  the 'motor  fibres  of  the  ciliary  nerves  is  made 
evltlent  by  the  diiatntion  and  rigidity  of  the  pupil,  and  the 
limitation  of  the  range  of  aecommoilation.  Mydriasis  is  a  verj' 
important  diagnostic  sign  of  inflainmatorj'  glaui-oma.  No  other 
iuHammation  of  the  eye  causes  such  a  striking  spontaneous  dila- 
tation of  the  pupil. 

•  The  shallowness  of  the  anterior  chamber  also  shows  the  rapid 
progress  of  the  intrawular  pressure  which  characterizes  influmma* 
tory  glaunoma.  While  in  glaucoma  simplex  there  is  generally  au 
equilibrium  estubli^hod  between  tlie  pressure  behind  and  that  in 
fnmt  of  tiie  lens,  in  inJhitninatory  glaucoma  the  lens,  together  with 
tlie  iris,  is  forccil  forward,  and  tlic  dcptii  of  the  anterior  chamber 
is  thereby  considerably  diminished. 

There  develops  simultanfously  a  doudinc-is  of  the  refi'aeting 
media.  The  most  striking  and  im|)ortant  is  ihediflf'ust'  (ilon<lin«>s 
of  the  cornea,  which  may  be  easily  recognized  by  fucid  illumina- 
tion. At  first  it  is  nnifonnly  disseminated  over  the  entire  cornea, 
but  if  the  glaucomatous  inflammation  continue  uninterruptedly 
several  days,  dull  opucities  may  develop,  L'S]>cciidlv  in  the  dee|ier 
layers  of  the  cornea,  while,  if  the  inflammation  Im  very  severe, 
numerous  small  in-egularitics  may  appear  upon  the  surface.  On 
the  contmry,  the  oil-reported  clouding  of  the  arpie<:)ns  humor  ni>- 
pcars  to  mc  veiy  doubtful.  If  the  ct>rnea  be  clouded,  it  is  sctircely 
pos.sible  to  furm  an  opinion  whether  a  diffuse  cloudiness  exists 
either  in  the  rt<pi(K>us  humor  or  in  the  deeper  media.  Coccius* 
found  tlic  aqueous  humor,  which  was  received  in  a  watch-crystal 
during  i)araccntesis,  frequently  of  a  yellow  ('oli>r  but  ii<it  clouded. 

The  case  is  the  same  with  the  diffuse  cloudinc^  which  is  said 
to  occur  in  the  vitreous  body.  Only  when  examined  tl trough  a 
pcrfet^tly  clear  cornea  is  it  possible  to  determine  the  existence  of 
cloudiness  in  the  vitreous  body.  Hut  the  clouding  of  the  cornea 
is,  according  to  my  experience,  so  constant  and  so  early  an  qccur- 
rcnce  in  inflammatory  glaucoma  that  I  have  never  becu  able  to 
demonstrate  the  simultaneous  presence  of  cloudiness  in  the  vitreous 
body. 

If  tl»e  general  fundus  of  the  eye  !>e  visible,  one  frequently 
observes  spontaneous  arterial  pulsation  during  the  inflammatory 


•  Arcb.  f.  0|ilith.,  B.  is.  1,  pag.  10. 
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attack,  wlu'th«p  ppesfliireexravation  luis  nireaily  In^en  raiifiod  nr  not. 
It  may  disapiH'ar  in  the  course  of  n  few  liours,  and  tlii'ri  rtapjw^.ir. 

The  ilitft  urban  CO  of  vision  asscx-iated  wltli  the  g^luitouuintous 
iuflaramatory  attacks  is  oause<i  partly  by  thii  int-rcaso  of  the  intra- 
ocular pressure  pdralyzitig  tho  optio-ncrvc  fil>r<*s,  either  in  the 
rWitm  ilsell'  or  in  the  lamina  oribrusa,  aiut  partly  by  the  cluu<]![ig 
of  the  cornea.  Finally,  it  may  to  some  extent  be  clue  to  inter- 
ference with  rclirial  circulatifm,  since  Doudcrs  has  fihown  tliat 
simultaneouhly  Mith  the  appearanee  of  the  arterial  pnlse  prfjtlucetl 
in  the  normal  eye  by  pressure  of  the  finger  on  the  side  of  the  eye- 
ball, the  field  of  vision  is  always  obsoure<l. 

AM  these  causes  together  may  iudncc  a  very  considerable  dimi- 
nution of  eentnil  vision  without  any  simultanetms  conlraetion  of 
tiie  visual  field,  iti  wisos  where  the  j^laueotuatiuis  inHamumtion 
sets  in  without  the  previous  irxistcnce  of  a  pressure  cxcivation. 

Later,  of  course,  defects  in  the  visual  field  develop  iii  these 
cjLSL's,  lie<(iiininf!;  frcncndly  in  the  upper  or  lower  Mi<_'diaii  quadrant. 

Tho  blindness  which  sooner  or  later  is  cau>-ed  by  inllammatory 
glaucoma  is  generally  attributed  to  the  optic-nerve  excavation; 
but  this  c:iiuH)t  be  the  only  taiuse.  Cii«es  occur  in  whicli  iiiflam- 
niatury  i^laucoma  causes  blindness  without  the  development  of 
any  cxK»vatii>n,  and  in  which  acc<irdingly  the  lamina  cribrosa 
ajtpears  to  [Kissess  an  abnormal  capacity  for  resisting  the  increase 
of  intraocular  pressure.*  In  such  i-ascs  the  optic  nerve  geuerally 
shows  signs  of  atrophic  degeneration.  We  may  assume  that  in 
these  cases  the  increase  of  intrnncnlar  pressure  exerts  a  hurtful 
influence  upon  the  circulation  and  nutrition  of  the  iimer  cfxits  of 
the  eye,  ami  that  blindness  is  caused  by  the  isehiemic  paralysis  of 
the  retina  or  by  a  simultaneous  distnrbjince  of  its  nutrition  (sofl- 
ening?). 

Among  the  subjective  symptoms  which  frequently  occur  in 
inflammatory  glaucoma  is  first  to  l>e  mentioned  the  aj>|>earanee  of 
a  liahj  surrounding  the  flame  of  a  light.  The  outer  margin  of 
this  halo  is  rx\l,  the  inner  mui^in  blue-green,  aud  IxHweeu  are 
the  ordinary  prismatic  colors.     Dondersf  explainetl  this  phenom- 


•  Coiop.  Maiithnor,  Lehrbncb  dor  Ophtlinlmoscopie,  p«g.  281 ;  A.  r. 
Oracfe,  Arch.  f.  Ophtli.,  B.  xv.  3,  pug.  232i  L.  R>«J«I,  Arch,  f-  Ophth.,  B. 
xviii.  1,  pai;.  1. 
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enon  as  a  refractiou  in  the  lens,  wliicli  can  occur  entirely  inde- 
petidciU  of  j>iunofniMi  wlienfver  the  pupil  is  sominvhiit  wider  than 
usual.  The  phenomenon  docs  not  occur  in  glnuooma  simplex 
wliere  the  refmrting  media  remain  unchan^eil  and  the  pupil  in 
not  ditatcni.  That  it  occurs  more  rrecjui^iitly  in  inflaniniatory 
glaucoma  apiMirn  to  d(-'|H.'nd  partly  up<m  the  dilatation  of  tlic 
pupil,  partly  also  |>crhaf)8  upcm  a  change  in  the  lens,  but  princi- 
pally njwn  the  cloiidinjj;  of  the  cornea,  which  accompanies  the 
attacks  of  glnucoina.  This  phenomenon  niii  be  ytiry  eoHily  illus- 
trated by  observing  the  Hame  of  a  candle  tlirougli  a  j^lass  atrewed 
with  lytnipodium  |H>wder. 

The  prominent  subjective  lij^ht  and  color  symptoms  which 
aeeompany  severe  inllaniniatory  attneKs  are  probably  to  be  re- 
garded n-s  the  consofjnenoes  of  the  nipid  increase  of  the  intrao^Mdar 
]»ressnrc. 

In  thi-  majority  of  cases  the  glaucomatoue  attacks  are  at  first 
very  mihl,  jiass  quicikly  away,  and  are  separated  by  an  interval, 
durinjj  which  a  retluction  of  the  range  of  ac«)mnuxhuion  and  an 
evident  im'i*case  of  tension  arc  the  <mly  abnormal  symptoms. 
The  individual  attacks  ore  eharacteri/ed  in  their  mild  f<irins  by 
increase  of  tension,  paresis  of  accommodation,  slififht  sliijjr|;ishnesfl 
and  dilatation  of  the  p'lpil,  diffuse  clouding  of  the  cornea,  hy- 
]>eraMnia  of  the  retinal  veins,  the  jKircejttion  of  halos,  and  an 
irrerrnlar  obscnrity  of  vision,  so  that  everything  ap]iears  to  the 
|Nitient  as  if  in  a  cloud  or  as  if  thick  smoke  swept  before  tlie  eyes. 
In  more  sevei-e  attacks  there  are  added  to  these  symptoms  tiatten- 
iiig  of  iIh"  anterior  cbaml>er,  indistinctness  of  eccentric  vision, 
arterial  pulsation,  mid  cviii  peripheral  defect  in  the  field  of  vision, 
es|Hrially  by  wcjik  illiiKiination. 

Von  Graefe  calle*i  tliis  condition  the  protlromal  stage  of  glau- 
coma. Kvidently  the  condition  is  one  of  periodically  iKVurring 
rapid  increase  of  imratxular  pressure  already  wmiplicatcil  with 
inflammatory  symptoms. 

Ijater,  the  inflammatnry  attacks  become  more  frixpicnt,  often 
ocx^urring  in  a  distinctly  intermittent  manner.  The  inrtanimatory 
symptoms  also  assume  u  more  acute  character,  are  protracted  after 
the  renii-^sion  of  the  most  severe  symptoms,  so  that  there  develops 
a  condition  of  chronic  inllummati<m  (glauroma  chronicum)  with 
more  or  less  severe  exacerbations,  which  finally,  by  iucreaaing 
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excftvntion  of  the  optic  nerve  and  loss  of  central  visioD,  causes 
bliiulness. 

Severe  glaticomntous  inflaninmtioii  may  run  thxa  course  in  a 
very  few  weeks  (glaucoma  acutum);  indeed,  it  sometimes  happens 
that  absolute  blindness  occurs  in  the  course  of  a  few  tlays  or  I'ven 
hours.  Such  cta^nsi,  already  mentioned  by  Mackenzie,*  liave  l>eeu 
deslgnalcfl  by  Von  Graefe  as  glaucoma  fulminans. 

The  glauconuitous  proeess  may  continue  and  eause  great  |KitlHV 
logical  changes,  even  after  absolute  destruction  of  vision.  The 
iris  becomes  reduced  to  a  narrow  band,  the  pupillary  margin  is 
evcrte<i  forward,  st)  that  a  black  ring  of  the  uveid  surface  Ijeconies 
visible,  the  lens  lx;conies  cataractons  and  swollen,  the  cornea  is 
greatly  clnudcil,  and  often  partially  breaks  down,  hemorrhages 
occur  into  the  anterior  cliamber,  into  the  vitreous  body,  and  in  the 
parenchyma  ni'  the  inner  membrane*^.  The  sclera  finally  yields 
to  the  steadily  increasing  intraocular  pressure,  so  that  staphyhinias 
devekip  especially  ujion  the  anterii>r  part  of  the  eyel>all.  Kven 
purulent  inllannnation  may  (xx'in-  and  cause  atrophy  of  the  eyeljall, 

It  t<houltI,  however,  be  Hptx'ially  mentioned  that  this  is  not 
the  only  way  in  which  a  glauoomatous  eye  may  finally  become 
atrophied.  In  a  certain  class  of  cases  the  eye  after  repeate*! 
inrtauiiuatory  attacks  becomes  gradually  softer,  and,  yieliling  to 
the  pressui*e  of  the  recti  muscles,  assumes  a  rountlish,  cuboidal 
form.  All  painful  attacks  then  generally  ct»ase,  and  fin:dly  the 
eye  shrinks  to  u  vory  small  stump.  This  pnxiess  depends  u|>ou 
inflammatory  detaclfment  of  the  retina.  Arltf  was  the  first  to 
demonstrate  anatomically  that  as  a  general  thing  dctatrhment  of 
tlic  retina  fnially  occurs  in  glaucomatous  eyes.  ThisstatcEucut  lias 
been  very  unreasonably  doubted  ;  but  its  truth  has  been  fully  ci>n- 
firmed  by  later  investigations.  Am.  Pagenfitecher*  found  det.ach- 
nicnt  of  the  retina,  together  with  considerable  excavation  of  the 
optic  nerve,  in  a  subject  who  two  years  before  death  had  beeti 
blinded  l>y  glaucoma.  I  examine<l§  a  ease  in  which  an  eye  had 
been  blinded  by  rejieated  glaucomatous  inflammations,  and  which, 
during  a  new  and  severe  attack,  was  extirpated  by  Von  Graefe. 


*  Pnictical  TrcfttiM,  Lcmdon,  1854,  pog.  570. 

f  Augeahcllkuiidti.  18&».  B.  li.  pug.  101. 
X  Aroh.  f.  Opiith.,  B.  vii,  1,  p«g.  92. 
{Ibid.,  B.  ix.  1,  pug.  199. 
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The  tlissection  showed  a  recent  detachment  of  the  retiua,  together 
with  a  deep  pressure  excavation. 

It  has  l)etn  sliown  that  detachment  of  the  retina  ninv  occur 
during  the  Inter  inflaniinatory  attacks,  and  may  tUeu  be  the  cauBC 
of  atit)phy  of  the  eye. 

The  liine  of  life  is  the  most  important  element  in  the  etiology 
of  glaucoma.  It  occurs  very  rarely  before  the  thirtieth  yo^ir. 
From  tliis  limit  the  ]>rL'HUsp()sit!on  is  in  direct  ])r<>p<)r(ioii  to  the 
age.  It  is  more  rrc<|uenl  in  the  female  llian  in  the  male  &ex.  A 
prcdis|Mjsition  to  the  disease  may  ho  inherited,  and,  according  to 
Von  Gnicfe,*  this  is  especially  true  of  the  inflammatory  forms. 

The  ciMiilitlun  of  refraction  exen^if*esa  decided  inHuenec.  Glau- 
comii  rarely  occurs  in  myopic  cyes^  and  in  these  rare  cases  it  is 
i;;eucrally  of  the  simple  fi»rin.  Hypernictropia  exists  in  the  ma- 
jority of  ca.ses,  and  the  question  naturally  arisc-s,  whether  tliis  w  to 
be  regarde«l  as  a  cause  or  as  a  consequence  of  the  disease.  It  amy 
l>e  that  the  inlhicni-e  which  tlie  incrciiscd  intraocular  pressure 
"Exercises  ui>on  the  form  of  the  eye  flatt<jns  the  oornea  and  tlierchy 
causes  liy|K'rinetropia.  But  ncitlicr  Dondersf  nor  CocciusJ  could 
by  ophthalmnnietric  mea.'^urenient  denmnstrate  any  such  etiect 
ujxiu  the  curvature  of  the  eornoii,  and  we  may  tlierefore  assume 
that  the  attenuatLtl  sclera  of  raytipic  eyes  yields  more  easily  to  an 
intraotudar  pressure,  while  in  cmmetropir  and  hv]»ermctropic  eyes 
this  pressure  atfects  rather  the  optic  nerve  than  the  sclera. 

It  is  prohalde  that  the  rit!;idity  of  the  sclera,  which  so  often 
occurs  in  old  age,  favors  the  occurrence  of  glaucoma.  M'lu^ther 
Citty  degeneration  of  tlie  sclera,  which  was  (iljserved  by  Coccius§ 
in  one  case,  am  be  regarded  an  a  cause  of  glaucoma,  is  douhtfid. 
Instead  of  i)eii»g  more  resisting,  fatty  degenerated  organs  are  geu- 
emlly  more  yielding.  Mo«;ovcr,  a  (le[M>sifc  of  the  ]>h»tsj>hate  of 
lime  in  the  sclera  is,  according  to  D<jntlcrd,H  a  frequent  twcurreuee 
in  old  age,  and  may  easily  be  mi.staken  for  fatty  dcgencration. 


•  Arch.  f.  Ophth.,  B.  x».  8,  p»j5.  228. 
t  Il»id.,  n.  viii.  2,  pufj.  Ifiil. 

X  Die  ili'iUnstatt  fiir  ALi^eiikrimlci-  2U  Leipzig,  IfiTO,  pH^.  53,  uud  OpbLUaU 
moinctric  und  Spnnniingfinossunj;  nin  kninkcn  Augc,  Leipzig,  1ST2,  pag.  44. 
)  Arth.  r.  Opiiih.,  B.  ix.  1,  pug.  21. 
Ulbid.,  U.  ix.2,  p«g.  217. 
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The  attack  of  glaucomatou-s  inflammation  19  favore<]  pniicipnlly 
by  menial  emotion  and  loss  of  sleep. 

Nearly  all  ophthulmulogisbs  have  obscrveil  ca>^es  in  which  glan- 
conia  came  on  soon  af\er  tlie  use  of  atropine.  It  is  possible  tliat 
this  i!!t  due  to  something  more  than  accitient ;  stilly  in  a  somewhat 
limittsl  Heries  of  experiments  whieh  X  have  ma<le  in  the  use  of 
atropine  iu  glaucoma  simplex,  the  result  has  been  nc^tivo;  no 
inflammatory  symptoms  were  prodtieod. 

SECONDARY   OLAtTOOMA. 

Certain  other  pntholojric:il  processes  may  l>eoome  conipliwue 
witli  ghiucomat^ais  intra(xrnlar  pressure  untl  its  conswjnenees. 
Among  the  diseases  of  the  cornea  are  firsst  to  be  mentioned  tluiflc 
atnphylnmiitons  eieatriee*  with  which  thn  iris  has  formed  adhesions 
(fetupliyloma  partiale  and  totide).  Iriti-s,  with  complete*  animlar 
attachment  of  the  pupillary  margin,  may  also  cause  glaucomatona 
bliiidnes!^. 

Moreover,  the  luxation  of  the  lens,  or  its  expansion  in  trauimitic 
cataract  or  in  discisiou,  may  pro<hice  glaucomatous  intraoculiir 
preftsnre. 

Moreover,  retinal  hemorrhages,  which  at  first  differ  in  no  way 
from  other  forms  of  Ihis  disea.^e,  play  an  im|x»rtant  r6le.  Gradu- 
ally, however,  in  the  course  of  some  months,  on  increase  of  teu- 
eion  occurs;  glaiicorujitonji  inflammation  develops,  generally  with 
severe  ciliary  neuralgia,  and  vision  wliich  had  already  Ix-cn  seri- 
ously affected  is  absolutely  destroyed. 

Finally,  certain  cases  should  here  be  mentioned  in  which  Hor- 
ner* demonstrate*!  a  severe  neuralgia  of  the  fifth  nerve  to  be  the 
cause  of  a  somewhat  abnormally  progressing  glaucoma. 

The.seeasesofsecf)ndaryglaucomaare,  however,  frequent  enough, 
or  are  sufficiently  characterized  by  their  anomalous  course,  to  justify 
the  assumption  of  a  connection  between  the  glaucoma  and  the  pro- 
existing  disease.  In  other  cases,  on  the  contrary,  the  occurrence  of 
glaucoma  with  other  affections  of  the  eye  is  to  be  regarded  fiiraply 
as  an  accidental  ctimplication.  Among  such  I'ases  Mongs,  for  in- 
stance, glaucoma  with  senile  cataract  or  with  aphakia.  Cilancoma 
may  also  oueur  as  an  accidental  complication  simultaneously  with 
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amblyopia,  due  to  extraocular  causes,  or  together  with  choroiditis, 
retinitis,  etc.  It  is  especially  interesting,  too,  that  glaucoma  may 
develop  with  pre-existing  <ietachment  of  tlie  retina,* 

TREATMENT. 

To  Yon  Graefe  undying  gratitude  is  due  for  introducing  iridec- 
tomy in  the  treatment  of  glaucoma,  and  thus  greatly  diminishing 
the  number  of  those  who  formerly  fell  victims  to  this  disease. 

Besides  iridectomy,  scarcely  any  other  treatment  is  of  the  least 
avail.  Opiates  or  morpliine  injections  may  perhaps  modify  an 
existing  nervous  excitement,  or  even  help  to  relieve  slight  inflam- 
matory attacks ;  their  eflfects,  however,  are  only  palliative. 

Paracentesis  of  the  anterior  chamber  causes  a  temjwrarj'  dimi- 
nution of  the  pressure,  but,  even  though  frequently  re|)eated,  does 
not  prevent  the  further  development  of  the  disease. 

Only  iridectomy  causes  a  i)ermanent  diminution  of  the  glauco- 
matous prc^ure.  To  accomplish  this  object  it  must  be  broad  and 
peripheral :  the  original  idea,  however,  that  by  this  methotl  the  iris 
was  excised  up  to  its  ciliary  margin  has  been  prove<l  to  be  an  error. 
Be  the  iridectomy  as  jwripheral  as  possible,  the  inner  wound  will 
still  always  be  in  the  cornea, — that  is,  anterior  to  the  circumference 
of  the  membrane  of  Descemet, — and  even  when  the  iris  is  excised 
close  to  the  exterior  wound,  a  narrow  l)order  will  always  remain 
attache<l  to  the  ciliary  body.  Nevertheless,  the  iridectomy  should 
be  made  so  far  in  the  ])eriphery  that,  u]>on  ophthalmoscopic  exam- 
ination, the  equator  of  the  lens  and  the  zonular  space,  exterior  to 
it,  can  be  distinctly  seen. 

The  place  of  the  iridectomy  is  so  to  be  chosen  that  the  diffusion 
of  light  dei>endent  ayton  the  enlargement  of  the  pupil  may  be  re- 
duced as  much  as  ])OS6ible.  Bowman  recommends  to  make  the 
iridect<miy  above,  in  order  that  it  may  l>e  covered  by  the  upi>er 
lid.  Arlt  is  in  favor  of  the  iridectomy  below,  because  patients 
very  soon  learn,  by  raising  the  lower  lid,  to  cover  the  coloboma, 
especially  in  the  downward  direction  of  vision  usual  when  work- 
ing. Both  methods  possess  the  advantage  of  enabling  the  o]>erator 
more  easily  to  excise  the  iris.  Certainly  the  iridectomy  cither 
outward  or  inward  is  least  to  be  recommended. 


*  Uitirmans,  Bijdragc  tot  de  keniiig  vhii  het  glauconi*,  Utrecht,  1861,  Fall  iv. 
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The  curative  effect  of  tlie  operation  is  best  slioim  in  recent  acirtc 
cases  of  inflammatory  glaucoma  which  have  oocurrctl  in  individ- 
uals whose  vision  was  ]>revionHly  gootl.  The  obfttnirtion  of  the 
circuhition  in  (lie  retina,  tlie  paralysis  of  the  nerve  fibres,  and  all 
the  disturbances  of  vision  depending  npi>n  it,  generally  dU!ip|x^»r 
inunediately  after  the  iridectomy.  The  clouding  of  the  cornea 
disapi>ear9  either  immetliately  or  in  the  course  of  a  £evr  days, 
nct^ording  to  itg  intensity.  Kcchymcwes  of  the  retina  often  o<!cnr 
after  iridectonjy  iu  inflamnmtory  glaucoma,  but  unlcs®,  unfortu- 
nately, tliey  occupy  the  region  of  the  macula  lutca,  they  do  not 
greatly  disturb  vision,  and  in  the  course  of  a  few  weeks  they  are 
re-absorbctl. 

In  reference  to  the  prognosis,  the  earlier  the  operation  and  the 
fewer  the  jH?rmaucnt  chaii«.^s  which  have  already  taken  place  tlie 
IfCttHr  I  he  result  whi(?h  nuiy  Ix:  expected.  In  recent  ca.s«:,  even 
witli  gi*cat  tliminution  of  virion,  but  with  normal  or  only  slightly 
contractc<l  field  of  vision,  a  perfect  recovery  may  be  pre<lictod  a£ 
the  result  of  the  ot>eration;  but  in  the  later  singes,  where  a  pressure 
excavation  has  already  Ix^en  formcil  and  the  visual  field  has  l»e- 
come  conj?iderably  contmcted,  no  more  can  be  expected  tluin  to 
preserve  the  sfatujn  qvo.  Occasionally,  however,  even  under  suc-h 
circumstanw.'*,  nnex[>ecte<Uy  good  rofiults  follow  iridectomy. 

If  sight  be  alrei»dy  lost,  or  reducc<i  to  a  very  small  eocenlric 
field  of  vision,  nothing  can  Ijc  expected  fnjm  an  o|»eration.  The 
only  exceptions  to  this  are  those  rare  cases  of  acute  infiainmatory 
glaucoma  whicli  in  the  course  of  a  few  hours  cause  blindness.  In 
<ini'  fiUfli  ci-se,  ill  which  only  a  very  slight  pen-eption  of  light  nv 
niaiiied,  but  in  wliicli  iriilectomy  was  performed  on  the  day  w^hcn 
the  bliiidncii^s  occurred.  Von  Graefe  obtained  distinct  vision  and  a 
normal  liehi.*  ■ 

If  absolute  blindness  have  already  existed  for  a  considerable  lime, 
or  if  it  have  come  on  gradually,  the  o|)cratioii  can  be  indii-ated  only 
hy  the  |>ersistence  of  the  ecvere  ciliary  pains;  still,  in  the  later 
stages  of  the  disease  their  relief  by  an  operation  cannot  Ixi  ceruiinly 
relied  on. 

In  glaucoma  simplex  the  results  of  iridectomy  arc,  on  the  whole, 
less  satisfactory.     The  disturl^nccs  of  vision  arc  here  principally 


to  be  reforrccl  to  the  atropliy  of  the  nerve  fil)res  causoj  by  tlie  ex- 
cavation. Tlic  iridectomy,  of  course,  cannot  improve  their  condi- 
tion, and  in  tlie  best  eas^  the  most  thiit  ean  Iwexperted  from  it  is 
to  preserve  the  sfatiitt  tjuu.  Tlie  valnc  of  irideetomy  in  glaucoma 
simplex  is,  of  course,  essentially  influenced  by  the  circiimstaneos  of 
the  particular  case.  In  any  atleelion  of  the  optic  nerve  in  which  a 
pre-existing  pli\>iologioal  excjivation  becomes  so  widcnAl  an<i  deep- 
ened that  it  is  liable  to  l>e  confounded  with  a  pR\s»urc  excavation, 
the  iridGotoniy  at  least  does  no  harm.  It,  moreijver.  sometimes 
IiappeuA  that  csbcs  of  inHamniatory  glauaima  at  the  time  wiicn 
(he  iridectomy  is  undertaken  present  no  longer  any  evidence  of 
existing  intlammation,  and  the  operation  may  then  give  an  unex- 
jXHtedly  gooti  result.  I^ut  hucIi  cases  are  not  glaucoma  simplex. 
Mo;*t  of  those  cases  in  which  iridectomy  does  harm  or  is  imme- 
dialely  destructive  arc  those  with  undoubteii  Incrcjiscd  tension  and 
pressure  excavation,  with  dilatation  of  the  anterior  perforating 
veins,  but  without  clouding  of  the  ci>rnefl,  dilatation  of  the  pupil, 
or  jKiin,  and  without  oct-asioiuil  obscurity  or  clouding  of  the  field 
of  vision,  having  a  slow,  uninterrupted,  iiniforra  course,  and  which, 
Iw'ginniug  with  a  limitation  mion  the  median  penpher)',  go  on  to 
bliudne:<u<.     Such  cases  we  (all  glau<;uma  simplex. 

There  is  no  objection  to  calling  these  eases  glaucoma  nmlignum, 
Imt  it  should  not  be  forgotten  tliat  we  are  not  able  to  pre<lict  this 
malignity  with  that  certainty  wiiich  is  <lesiruble. 

After  the  iridectomy  tlie  pasition  of  atfairs  eoon  becomes  clear. 
The  eye  remains  stone  hard,  and  in  (he  course  of  the  first  twenty- 
four  Jiours  pains  occur,  with  copious  lachrymation,  |K?ricorneal  in- 
jection, and  clouding  of  the  cornea.  One  often  sees,  also,  slight 
hemorrhages  in  the  iris.  The  iris  and  the  lens  appear  forcibly 
pre^stil  ug-ainst  the  inner  surface  of  the  cornea;  the  anterior  cham- 
ber remains  empty,  and  vision  is  &oon  lost.  One  or  two  months 
generally  pass  away  before  the  inflammation  runs  its  full  otmree, 
but  even  tlu.'u  the  anterior  <:h:ind^pr  does  not  fill,  or  at  least  only 
partially.  Tliis  <leUiyed  relillitig  of  the  anterior  chamber  is,  more- 
over, not  the  cause  of  tfie  infiarnmatary  symptoms,  for  iu  glaucoma 
simplex,  and  often  also  in  inllammatory  glaucoma,  one  sees  the 
anterior  chamlK-r  remain  empty  without  the  appearance  of  infiam- 
matiou  or  any  other  txid  symptoms. 

The  female  sex  appears  much  more  dis]>oscd  to  malignant  glau- 
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coma  than  the  mule.  The  cases  which  I  have  obpervecl  have  been 
those  of  jijitieiits  in  wliom,  sJioPtly  before  or  in  the  beginning  of 
the  climacteric  years,  glaucoma  simplex  had  Jevelo|M}d  lu  one  eve, 
while  in  the  other  there  was  no  apparent  increase  of  pressure.  In 
general,  when  the  disposition  to  malignant  glaucoma  exists,  it  is 
for  both  eyes.  Von  Gmefe's*  statement  that,  at  moet,  two  per 
cent,  of  the  cases  operated  on  for  glaucoma  simplex  mn  a  malig- 
nant course,  is  surely  baned  upon  too  low  an  estimate. 

The  result  of  iridectomy  is  generally  unfavorable  in  thos*?  cases 
of  socondary  glaurama  whidi  have  deve]o|)ed  after  retinal  hemor- 
rhages. In  such  cases  vision  is  frequently  greatly  impaired  by  the 
licniorrhages,  and  is  irrevowihly  lost  by  the  glaucomatous  disease. 
But  if  sevGfc  and  continuous  paiiia  remain  which  yield  to  no 
other  treatment,  nothing  can  l>e  expected  from  iridectomy,  and  it 
only  remains  to  eiiuchate  the  eye.  Still,  these  cases  may  end  in 
atrophy  and  entire  rest  of  the  eye. 

In  the  great  majurity  of  cjisw  the  cure  caupcd  by  iridectomy  is 
permanent.  It  is  imly  exceptionally  that  an  increase  of  pressure 
gradually  returns  and  detracts  from  the  goo*!  result  which  had 
been  obtainc<l.  This  appeal's  esjH?cially  to  hap]M»n  in  ('ascs  which 
liave  run  a  chronic  course,  or  where  the  opeiiition  has  not  been 
skilfully  jwrformed,  for  Instance,  where  the  iridectomy  has  not 
been  made  near  cnoujrh  to  the  periphery  or  is  too  small,  or  where 
the  iris  has  not  been  pro)>erly  rei>Iacc<l,  but  h:is  remained  fastened 
to  the  wound.  Under  these  circumslanecs  a  second  iridectomy, 
diametricjilly  opposite  the  iirst,  is  indicated. 

In  the  later  stages  of  glaucoma,  and  ver)'  seldom  also  in  cases 
which  arc  opcmtcd  upon  early  and  under  otherwise  favorable 
circumstances,  the  eflwl  of  the  iridectomy  is  gradually  din)iaii>hed 
by  the  fact  that  the  pr<M?ess  of  ntntphy  of  the  nerve  fibres  in  the 
excjivntiiMi  makes  still  further  progn^xs.  This  is  |»utly  the  rca»Mn 
why  ojierations  which  ha%'e  been  delayed  until  the  field  of  vision 
is  greatly  rithictHl  jind  irnlral  visiiHi  dJminislHtl,  cannot  nlway.9 
with  certainty  Ix.'  relied  U[K»n  t4>  preserve  the  statuit  qtto. 

In  a  cousidorjide  number  of  cases  there  forms  U|>on  the  place  of 
the  operation  a  peculiar  cicatrix,  which  Von  Graofef  has  described 


*  Arch.  f.  Ophlh.,  B.xt.  8,  pag.  205. 
t  Ibid.,  B.  vtii,  2,  piig.  243. 
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cwloid  cicatrization,  The  ]i|ts  of  tlic  wound  scpanitc  from  eiich 
other,  bands  of  tough  cicutrii-ial  ti^uo  Htn^tch  ncro^  the  wound, 
and  the  s|»iwc  l)etwe<'n  them  is  closed  hy  a  tran>*|>arent  menibninous 
suhistanee.  OcoLsioiuiIly  this  tliiu  niembmiic  is  broken,  un<l  the 
afjueous  humor,  exuding  under  tlie  conjunctiva,  forms  there  a 
vesicular  prominence.  In  sliglit  c:u*es  of  cj'stoid  cientrizntion 
there  generaUy  occurs  a  thickening  of  this  membranous  tissue, 
and  the  wound  asjiunu's  nearly  its  pro|>er  ap[wnmnrc.  In  extreme 
cases  the  condition  renmiuH  a  long  time  unchanged,  and  may  be- 
come thestarling-jwint  of  irritations,  which,  when  neglected,  may, 
by  purulent  inflammation,  hypopion,  and  Hec<jndary  iritis,  bring 
the  eye  into  great  dauger  or  even  destroy  it  by  [)an4)j>htiialmia. 
This  pix^uliar  form  of  cicatrization  appears  to  be  cause<l  by  the 
anatomical  relation.'*  of  the  sclera.  It  h  (H'casionally  also  seen 
after  peripheral  linear  cxmiclion,  while  it  docs  not  occur  in  clean 
oorneal  wounds.  On  the  other  hand,  it  is  certain  that  the  Increase 
of  presflure  has  a  causiUive  effect,  since  in  other  non-glaucomatous 
casus  this  kiml  of  cicatrization  after  iridectomy  occurs  only  very 
exceptionally. 

The  theory  of  the  operation  of  iridectomy  cannot  as  yet 
be  esEplaincd.  Kven  in  normal  eyes  it  is  said  to  cause  a  per- 
manent dimiuutiou  of  the  intraocular  pressure.  At  least  Von 
Ilippcl  and  Gritnlmgen*  were  able  lo  demonstrate,  by  mano- 
metri(;  measurement,  a  diminution  of  the  intraocular  pressure 
in  mbbitK,  cat.**,  and  dogs,  from  whom,  in  the  course  of  several 
months,  by  re[>eated  o[K'ration8,  a  considerable  part  of  the  iris 
had  IxK'n  rcmovctl.  IJut  the  explanation  of  thiH  as  well  as  of 
the  therapeutic  etlect  of  Iridectomy  iu  glaiicoam  is  :^till  wanting. 
There  seems  to  be  the  necessity  for  assuming  that  it  exercises 
some  median ic;il  influence,  and  yet  the  priMifof  this  has  thus  far 
never  been  adduced.  That  the  coloboma  of  the  iris  is  of  itself 
not  esmntial  is  sell-evident,  and  it  would  be  superlhious  to  cite 
a  «Lse  reported  by  Ilallnians  of  glauconui  with  congenital  colo- 
boma iridis.  Von  Grnefe  also  saw  glaucoma  with  congenital 
iridercmia. 

Von  Graefe  seemed  inclined  at  first  to  lay  weight  upon  the 
diminution  of  the  secreting  surface;  but  it  is  not  so  much  a  ques- 


*  Arch.  r.  Opth.,  B.  xri.  ptg.  48. 
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tioii  of  tlic  extent  of  the  secreting  surface  as  of  the  pressure  which 
determines  the  secretion. 

Bnwman  cntcrtninc+l  tlie  idcn  thnt  the  vitreous  fluid  could  pass 
through  the  zonula  Zrnnii  into  the  anterior  chamber,  ami  thence 
csf5i|>e  through  the  oomen.  On  this  theory  the  zonula  should  lie 
exposetl  hy  a  peripheral  iridectomy,  and  thus  this  escape  of  vitre- 
ous substance  made  easy.  But  the  occurrence  of  glaucoma  in 
connection  with  nphnkin  proves  that  the  freest  possible  coromnni- 
calion  l>et\veen  the  vitreous  and  the  anterior  chainhpr  t^narantees 
no  ])rotection, 

Accnivling  to  Donders,*  glaucoma  Is  to  be  regaitlnl  as  a  neuro- 
sis of  the  nerves  governing  the  secretion  of  the  eye,  gcuei-ally  ex- 
cited as  a  reflex  neurosis  of  the  iris,  or  at  least  maintained  and 
aggravated  by  consequent  tension  upon  it.  The  iridectomy  cures 
the  glaucoma,  becsiusc  it  relieves  tiie  irritation  of  the  overstrained 
nerves  of  the  iris.  This  theorj',  however,  does  not  hold  good  for 
all  cases.  Witli  aphakia,  for  instance,  or  even  in  glaucoma  sim- 
plex, a  tension  of  the  iris  cannot  be  rcganled  as  the  cause  for  the 
conttnuani*c  of  the  glaucoma,  and  even  in  tlie  inflammatory  form 
no  such  tension  can  be  demonstntted.  When  in  such  a  condition 
the  depth  of  the  anterior  chamber  is  diminishcii,  and  the  iris  is 
driven  forward,  it  is  also  ulways  pamlyzetl,  and  the  pupil  in 
consequence  of  this  is  dilatcil. 

StclKvag  finally  has  advanccfl  tlic  view  that  not  the  iridectomy, 
but  the  wound  nets'ssarily  made  in  ]>erforming  it,  is  the  essential 
element.  He  asserts  that  the  wound  heals  not  by  direct  adhesion 
of  its  edgfs,  bat  by  tJie  formation  nl'  a  connective-tissue  cicatrix, 
and  thereby  it  becomes  possible  for  the  sclerotic  to  yield  some- 
what to  an  increase  of  iutratx-ular  pressure.  These  supjxisitions 
are  certainly,  to  some  extent,  open  to  criticism.  Kven  when  the 
incif-ion  is  made  as  far  as  possible  in  the  jjeriphery,  only  a  very 
small  part  of  the  wound  lies  in  the  sclera.  The  greater  part  is 
in  the  cornea,  and  in  the  normal  course  of  healing  there  is  in 
these  wounds,  as  I  have  satisfied  myself  by  anatomical  exam- 
ination, no  deposit  of  new-ft>rmed  tissue,  but  immc<liale  union. 
Moreover,  scar  tissue  is  generally  reganled  not  as  more  yielding, 
hut,  on  the  contrary,  as  less  so  than  normal  tissue. 


«  Klin.  Monatibl.  f.  Augeuheilk.,  1868,  |Mg.  608. 
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Exner*  has  satisfied  himself  by  the  examination  of  injected 
albino  eyes  of  dogs  and  rabhits,  on  whieh  iridectomy  had  been 
ptrformctl  from  two  to  four  weeks  previously,  that  nlmost  always 
anastoraopcs  conld  !«  demon.^ti'atcd,  which,  at  the  place  of  the 
o|icrdtion  in  the  iris,  nonnwtwl  the  arteries  with  the  veins,  so  that 
arterial  blood,  without  having  to  jmiss  tlirough  a  capillary  sys^tem, 
streamed  immediately  into  the  veins.  The  HulMtitution  of  these 
wde  anastomoses  for  the  narrow  capillary  voiisels  diminishes  not 
only  tlic  pressure  in  the  stump  of  the  artery  which  had  supplied  the 
exci^d  (Mjrtiou  of  the  iris  with  blnod,  but  also  the  pressure  in  the 
entire  circ.  art.  irldis  major  and  in  the  arterial  vessels  of  the  cho- 
roid in  general.  Exner  Iny;^  weight  upon  the  fact  that  the  margin 
of  the  iris  remaining  after  iridectomy  is  broader  than  seems  to  be 
generally  supposed,  and  that  room  is  rhus  given  for  the  formation 
of  anastonuises  in  the  iris  tissue.  This  cnnnot  takp  pko<»  when, 
during  the  operation,  as  often  accidentally  happen;^,  the  iris  is 
torn  away  from  tlic  ciliary  liody  (iridoiJialysis),  without  lessening 
the  effect  of  the  iridectomy  aa  regards  the  reduction  of  intraocular 
pressure. 


*  65.  Bund  dcr  Sitziing'>bericht«  der  k.  k.  Akndenue  dcr  WUsenBchitftan, 
JiHi,  1^72,  und  Mvdic.  JuUrbucher  dor  Cil««elliwb.  dur  Wiener  Aerste,  1873, 
Heft  i.  pag.  oii. 
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Quite  as  rnysterionsi  as  the  glaucomatous  increase  of  intraocular 
pressure  arc  certain  cases  where  the  pressure  decreases.     Von 
Graofe,*  in  or<ier  to  distinguish  this  from  tlie  ordinary  form  of 
ntiviphy  of  the  eyelmll,  canscfl  by  irido-oyclitis  or  irido-K'horoiditii 
has  called  it  estfentlal  ]>hthisis. 

Only  very  few  cases  Imve  been  observed,  but  alt  of  tliesc  ha 
been  j^retetlcd  by  injuries. 

In  the  case  described  by  Von  Graefe,  the  palieut»  ten  year? 
pnniously,  had  ixfeive*!  an  injury  ut  thn  innor  anp:le  of  the  eye, 
and  had  ssufJered  since  then  by  cx^asional  irritability  of  the  eye 
from  the  effect  of  light,  with  excessive  lachryniation,  and  eevere 
pain  in  the  eye  and  in  its  iieiirhlMnluMid.  The  eye  was  exceedingly 
Bi)i\j  and  it^  form  altered  apparently  by  the  pressure  of  the  recti 
muscles.  The  cornea,  especially  when  the  |jaticnt  was  exposed  for 
a  long  time  to  the  light,  was  surroundcil  by  a  slightly  injected 
zone,  and,  moreover,  in  its  dee|wr  parts  a  number  of  tine  gray, 
irregular,  sinuoiw  (ipacities  could  be  seen,  which  Von  Graefe 
regarded  as  the  optical  expression  of  folds  or  wrinklce  in  the 
membrane  of  Dcsccmet.  ])uring  the  attacks,  vision  was  retluocd 
to  4,  and  by  means  of  the  steuupaic  apparatus  could  be  improved 
to  ^.  The  attacks  lasted  eeveral  hours,  and  in  the  free  intervals 
the  eye  was  normal,  sliowing  only  a  very  slight  diminution  of 
vision  aud  tension, 

Swanz)'t  observed  similar  variations  in  the  resistance  of  tlte 
eye,  with  greater  or  less  dimiuutiun  of  the  intraocular  prcssarc« 
developed  after  a  prola|)se  of  the  vitreous  body  accompanying  a 
peripheral  linear  extraction.  The  irritability,  laehr^^mation,  peri- 
corneal injection,  ciliary  neuralgia,  subjective  light  symptoms, etc, 
whidt  accompanied  tiie  diminution  of  pressure,  were  sometimes 


*  Arch,  t  Ophth.,  B.  rii.  2,  pag.  2fi6. 

t  Dublin  Quarterly  Journal,  18(}t>,  Not.,  pog.  bSl;  Annalet  d'OciiUiUqae, 
I8T0,  Nov.  ct  D6c.,  pag.  212. 
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slight  and  sometimes  excessive.  The  cori»ea  showed  no  clmnges. 
In  the  hcglniiing  of  the  affection  a  slight  honiorrha;;e  was  ol>served 
in  the  anterior  clumiher,  tncrtther  with  olifuding  of  the  vitreous, 
whieh  waa  likewise  probably  of  a  hemorrhagic  nature. 

In  a  rjvse  ohserve<l  hy  Xaj^f  I*  there  develoj>ed,  after  an  opi-ration 
for  gtmhisinntj  converguti'*,  a  diiniatilion  of  the  eoiu*tistency  of  the 
eye,  with  great  photojihohia  ami  liyporsecretion  of  tears.  After  this 
condition  had  continued  some  timi',  the  normal  tension  gnidnally 
reap[K?ar(xl.  Tlie  cornea  sliowed  changes  similar  to  those  in 
V<tn  Graefe'.s  <rase:  still,  Nagel  regarded  tlie  anterior  corneal  sur- 
face OS  the  Keat  of  the  aiTection.  The  eye  had  been  previously 
amblyopic. 

Finally,  in  a  case  observed  by  me,  a  contusion  of  the  right  eye 
■  by  a  small  fire-M-ttrk  (a  so-callc«]  **  frog")  caiisetl  severe  jKiin,  which 
gradually  increased,  and  spread  over  the  corn?!5|^Jonding  half  of 
the  head.  TIktl'  wci*c  excessive  luchrymation  and  phutopholiia. 
Three  weeks  later,  Dr.  v.  Hlodau  olwerved  a  marked  decrease  in 
the  resistance  of  tlie  eye,  and  a  reduction  of  its  vohinie.  Simul- 
taneously there  was  a  slight  adhesion  of  the  iris  with  the  tatpsnle 
of  the  lens  in  tiie  outer  lower  quadrant,  but  the  iris  still  reacted 
nnder  the  intlncnco  of  light.  Seven  weeks  after  the  injury,  when 
the  jiatient  ranic  uniler  my  treatment,  the  eye  was  still  very  soft 
and  somewhat  sntaller  than  the  other,  the  cornea  unehangcti,  and 
surmundwl  by  a  slight  injccdon.  IT|m)ii  the  iris  wjls  the  small 
synechia  alntve  rcfurred  tuj  the  lens  and  the  vitreous  body  were 
absolutely  transparent-  In  the  equatorial  region  thcrc  were  slight 
changes  in  the  <!lu»roidal  pigment,  the  retinal  veins  were  wide,  the 
retina  was  abuR-ihitely  trans]»arent,  the  optic  nerve  unchanged. 
The  eye  and  tho  tip|KT  margin  of  the  orbit  were  very  sensitive  to 
pressure;  the  temple  and  forehead  were  likewise  sensitive,  but  in  a 
less  dcgret^  Vision  was  greatly  impairoiljSo  that  fingers  could  be 
counted  at  a  distiuicc  of  only  about  a  t\utt ;  the  field  of  vision  was 
free.  Two  years  later.  Dr.  v.  IJhxlau  found  the  tension  of  the 
right  ey*'  n«irly  the  sjune  ;i.s  that  of  the  left,,  but  it  lav  somewhat 
dt^'per,  an<l  w;u*  sensitive  tt)  prc\-isnre.  A'*^ision  had  improvwl  so 
much  that  the  patient,  with  the  right  eye,  with  convex  10^  could 
read  No.  II.  of  Snellen's  teift  letters  at.  a  distance  of  twelve  inches. 


AMBLYOPIA  AND  AMAUROSIS. 


Under  tiiis  head  we  include  all  those  disturbances  of  vision 
which  we.  have  not  already  discussed,  and  which  are  caused  neither 
by  anomalies  of  refraction  or  of  accommodation,  nor  by  visible 
changes  in  the  refracting  media  or  in  the  inner  tunics  of  the  eyes. 

The  test  of  vision  in  amblyopia  demands  therefore,  in  the  first 
place,  the  determination  of  the  condition  of  refraction,  the  range 
of  accommodation,  and  the  distinctness  of  vision.  An  exact  de- 
termination of  the  condition  of  refraction  by  the  usual  method  is 
difficult  by  reason  of  the  indistinctness  of  vision,  and  accordingly 
the  examination  by  means  of  the  ophthalmoscope  is  in  these  cases 
a  great  help  iu  diagnosis. 

That  accommodation  also  suffers  in  many  cases  of  amblyopia 
is  shown  by  the  fact  that  for  short  distances,  for  instance,  when 
reading,  better  vision  is  fretjuently  obtained  through  convex  lenses 
of  6  to  12  inches  focal  distance.  This  cannot  be  accounted  for 
by  tlic  enlargement  of  the  images.  AVhcre  vision  is  diminished, 
an  exact  tletertnination  of  the  near  point  is  of  course  still  more 
difficult  than  the  diagnosis  of  the  condition  of  refraction. 

In  testing  vision,  it  is  well  to  employ  as  many  different  methods 
as  possible.  If  we  wish  to  determine  the  degree  of  usefulness  of 
an  eye,  it  is  not  sufficient  simply  to  ascertain  the  smallest  visual 
angle  under  which  single  letters  can  be  recognized,  but  it  is  quite 
as  important  to  test  the  facility  witii  which  print  of  different 
sizes  can  be  read. 

Furthermore',  the  examination  of  the  field  of  vision  is  of  great 
importance.  Tiie  simplest  metliod  by  which  to  determine  at  the 
same  time  both  the  limitation  of  the  visual  field  and  the  distinct- 
ness of  indirect  vision  is  that  given  by  Donders,*  the  principle  of 
which  is  that  the  ol)server  institutes  at  the  same  time  a  parallel 
experiment  with  his  own  eyes.     Tlie  observer  places  his  eye  in 


*  Al-ch.  f.  Ophth.,  B.  iii.  1,  pug.  147. 
&2G 


the  samo  hoi-izniiUil  plane  witli  ilifit  of  the  patient's  eyti,  nntl  while 
tlie  left  eye  of  tlie  |mtient  U  direclwl  upon  tlie  right  eye  of  the 
observer,  or  vice  verna,  the  other  eye  of  both  being  cloeed,  the 
hand  or  some  other  ftnitablc  ol)jcct  is  inc/vwl  in  the  iniildle,  between 
the  examiner'ri  and  the  examined  (»ye.  In  this  way  not  only  the 
limit-s  but  also  the  distinctness  uf  indirect  vision  are  easily  deter- 
mined. Moreover^  the  examiner  has  the  advantage  of  being  able 
to  observe  that  the  examined  eye  maintains  continually  the  proper 
fixation,  an  ini[>ortant  ])oint,  as  the  inclination  of  tlie  patient 
alwavH  is  to  dirctrt'the  axis  of  vision  upon  the  obje<:it.  In  or^ler 
to  test  tlie  extreme  limits  of  the  visual  ficUl,  the  test  obje<^t  of 
course  nuist  be  removed  farther  from  the  observer,  and  tlie 
parallel  test  then  ceases. 

In  order  to  sketch  the  limits  of  the  visual  field,  a  jxTpcmlic- 
ular  tjiblc  is  employed,  upon  wliich  a  large  pa|)or  of  a  dark-blue 
oulor  is  fastened;  a  distinct  iixatiou  object  is  placed  at  the  middle. 
One  eye  is  now  closwl,  and  the  other  is  placed  opjiositc  the  fix- 
ation object,  whi<!h  may  be  a  \hw.g  of  chalk  or  a  small  white  ball 
fastened  u|>ou  a  long,  thin,  dark  i*od,  and  which  is  then  moved 
from  the  centre  of  the  visual  lield  Unvard  the  iKiriphcry.  The 
p<^ints  niwn  the  pcrii)hcry  of  the  visual  field,  at  which  slight 
movemeuts  of  the  ol)je<it  can  still  be  seen,  are  now  tuarkc<l  upon 
the  paper.  When  in  this  manner  numerous  lK>inuhiry-p4iints  of 
indirect  vision  are  detenniucd,  we  have  by  uniting  tlicui  the  bound- 
ary-line of  the  field  of  vision.  If  the  test  object  be  moved  in 
the  opposite  direction,  that  is,  from  the  i>eriphetT  towar<l  the 
centre,  the  limits  (»f  the  visual  field  are  often  somewhat  smaller. 
Instead  of.coj>yitig  the  sketch  upon  a  smaller  scato,  it  is  butter  to 
preserve  it  its  it  is.  Of  course,  not  only  must  the  distance  1>ctwecn 
the  eye  and  the  |mper  remain  unchanged  during  the  examination, 
but  also,  in  order  to  get  sketches  which  can  be  compared  with  cjich 
other,  ditferctnt  examinations  must  always  bo  made  at  one  and  the 
ame  distauee.  The  simplest  way  to  do  this  is  to  direct  the  jiatient 
^tn  hold  a  rod,  some  30  cm.  long,  by  pressing  one  end  of  it  with 
his  forehead,  while  its  other  end  rests  against  the  paper. 

This  methixl  is  quite  suiricient  for  defet^ts  in  the  neighborhood 
of  the  fixation-point,  but  is  not  suitable  for  determining  the  func- 
tional activity  of  the  retina  at  ii^i  periphery.  For  instjince,  if 
the  board  upon  which  wo  wish  to  sketch  the  visnal  field  l>e  at 
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a  distance  of  30  cm.  from  the  eye,  a  retinal  point  45°  from  the 
macula  lutea  would  be  projected  upon  the  board  at  a  distance 
of  about  30  cm.  from  the  fixation-point,  and  in  order  to  sketch 
the  visual  field  corresponding  to  a  breadth  of  75°  of  the  retina, 
the  board  must  measure  more  than  two  metres  in  every  diameter. 
These  difficulties  are  overcome  by  projecting  the  visual  field 
upon  the  inner  surface  of  a  hemisphere,  as  Forster*  first  suggested. 
An  instrument  constructed  on  this  principle,  and  called  a  perim- 
eter, is  indispensable  for  examining  the  periphery  of  the  visual  field. 

From  what  has  been  said,  it  appears  that  the  definition  of 
amblyopia  is,  for  the  most  part,  a  negative  one.  From  this  it 
follows  that  it  is  im|)ossib!e  to  classify  its  various  forms  ujwn 
any  anatomical  principles,  and  even  clinically  only  certain  indis- 
tinctly defined  forms  can  be  described. 

In  tlie  first  place,  there  is  one  form  which  is  called  amblyopia 
congenita.  Its  characteristic  is  that,  without  any  external  or  oph- 
thalmoscopic anomalies,  and  with  a  full  visual  field,  there  is  a  con- 
genital, [Kjrmanent,  and  more  or  less  considerable  imperfection  of 
vision.  Those  forms  of  congenital  amblyopia  or  amaurosis  which 
are  connected  with  an  abnormal  smallness  of  the  eye,  or  which 
de|)end  upon  pigmentation  of  the  retina,  or  cases  where  these 
anomalies  appear  during  the  first  year  of  life,  do  not  belong  in 
this  class. 

This  form  of  amblyopia  may  occur  in  both  eyes  simultaneously, 
or  in  one  eye  alone.  Slight  degrees  of  it,  with  vision  of,  say  from 
J  to  I,  occur  as  a  binocular  condition  in  high  grades  of  hyperme- 
tropia,  and  with  meridional  asymmetry,  less  frequently  with  em- 
metropia  or  myopia.  The  highest  degrees  do  not  appear  to  occur 
in  both  eyes  at  once.  Witli  a  free  visual  field  and  an  al)solutely 
nornml  fundus,  fingers  can  still  be  counted  only  at  a  distance  of  a 
few  feet,  and  this  condition  may  last  life-long.  Frequently,  too, 
fixation  is  uncertain  and  eccentric, — that  is,  a  retinal  point  is  used 
lying  to  one  side  of  the  fovea  centralis.  Strabismus  exists  in  many 
of  these  cases,  and  for  this  reason  the  amblyopia  has  been  regarded 
as  the  consequence  of  the  squint,  and  has  therefore  been  called 
amblyopia  ex  anojjsia. 

*  KTin.  Monatsbl.,  1869,  pag.  412. 


Tlie  arj^iimeuts  ngatnst  Uiis  view  have  l>ccn  atrcmly  given  (see 
pages,  161  to  IGH).  A  \u^h  <lpgweof  thi;*  form  ofamblyoim  also 
cKviins  ill  one*  eye,  and,  f*iiico  it  lias  I>eei»  oliservci]  in  cyts  which 
have  eonieal  oiwrittes,  it  has  been  thonght  lliat  the  nnihlyopia  in 
these  ca.ses,  just  us  in  thoj^e  with  stral)i^iMU8,  dependeil  upon  non- 
use.  The  proof,  however,  timt  the  amhiyopia  w;i.s  ciiused  hy  the 
onrneal  opnoities  has  never  l)een  offered.  This,  of  course,  is  inde- 
jiendent  of  the  indisttnctin.i*s  of  the  retinal  ima<^  caused  by  the 
opacitie:*.  The  simple  occurrenec  of  this  form  of  amblyopia  in 
eyes  liaviiig  at  the  same  time  corneal  opacities  proves  nothing, 
fiiuee  there  is  no  reason  u-hy  eyes  affeotod  with  amblyopia  congenita 
should  not  Ih>  attacked  by  keratitis. 

In  concluding  th^  snlyect  of  andilyopia  c<mgenifa,  txihir-bllnd- 
ness  should  be  mentioncnl.  ViHitm  may  1)e  quite  nornud,  but  tlte 
capacity  to  distirigui^iii  colors  is  either  entirely  wanting  or  verj' 
imperfect.  If,  its  according  Ui  the  hypothc_sr.s  of  Thomas  Young,* 
the  iH-Tception  of  c<:ilors  dejfpiids  n|>nn  the  three  fundamental  per- 
ceptions of  red,  gr*>cn,  and  vJolit,  then  there  would  liccolor-bliml- 
iiei^  whenever  any  one  of  these  fundamental  ix^rceptions  is  wiint- 
ing.  All  colors  wliich  tlie  cohir-bliud  patient  recognizes  may  be 
forme*!  by  the  ntnon  of  two  fundamental  colors.  The  pcn*eption 
of  retl  sccni8  to  be  the  one  tliat  is  oftenest  wanting.  Rcd-blinduess 
(anerythrop.-iia,  according  to  fnwthe)  is,  therefore,  the  commonest 
form  of  color-blindness;  but  it  appears  that  either  of  the  other  two 
fundamental  j>ereeption»  may  be  wanting. 

Acquired  color-blindness,  without  considerable  dimiiuition  of 
vision,  is  a  very  rart^  (K-currencc,  while  as  u  symptom  of  ambly- 
opic di.sea*e  it  is  qnite  frequent. 

Among  the  disturban<^'s  of  vUion  which  occur  witlmnt  any 
perceptible  ophthalnio«o<^pic  changes  13  that  form  of  hemeratopia 
whieli  apiM^ai-ri  as  an  acute  pathological  i>roce.ss. 

The  essential  symptoms  of  the  disc:ise  are  tluit  distinct  vision  ie 
possible  only  by  intense  Jlhmiination,  while  sliglitly  illinniiiute«l 
retinal  images  cannot  be  perceived.  The  condition  is  that  of 
toffmr  retime. 

*  Helmbultz,  PhyaiologiM'beOptikr|i&g.  291. 
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By  (liiylight,  und  in  f^etier.il  l>y  l>n^lit  illiiniinatiou,  vision  is 
quite  ^hhU  Only  exceptionally,  uiiil  in  did  discs,  is  there  nlatt  a 
partial  loss  of  central  vision.  Kxaniincnl  by  bright  daylight,  the 
visual  field  is  j^eneruUy  free;  still,  in  extreme  cases,  even  by  bright 
daylight,  there  nuiy  be  peripheral  deteetfi.  U|K>n  diminishing  the 
iuteusity  of  the  illumiualiuu  there  otx-urs  a  dispro|>ortionate  weak- 
ening both  of  centra]  and  of  eeoentric  vision,  so  that,  in  geDoral 
terms,  the  visual  iiehl  becomes  more  contniuteii  the  weaker  the 
illumination. 

Forster*  found,  in  most  of  his  cases,  the  torpor  n;tinffi  greatest 
in  the  rej^ioii  of  the  macula  lutea, — that  is,  eccentric  vision  \vus 
better  than  eeutml.  The  revci*se  seems  ofteuer  to  be  the  case,  so 
that  aa  the  illuminution  diminishes  the  macida  lutea  longest 
retains  its  sensiiiveuess,  wliile  the  visual  field  contracts  from  the 
j)eri]»hery  inward. 

So  soon  as  the  illumination  becomes  so  weak  that  tlie  sensitive- 
ness of  the  retina  is  considerably  diminished,  the  pupils  generally 
dilate  strongly. 

Forster,  moreover,  observed  a  simultaneous  decrease  of  the 
abilitj'  to  recognize  colors.  AVith  an  illumination  which,  fur 
hwdtliy  eyes,  was  quite  sufficient  for  the  retvgnition  of  colors, 
carmine-red  and  indijro-blue  were  mistaken  for  black.  Yellow 
and  green  were  best  recognized,  but  the  first  was  sometimes 
mi.<<takon  for  wliite, 

Alfred  Graefef  observed  a  difficulty  in  tlie  movement  of  con- 
vergence and  a  decrease  of  the  ability  to  ovcrcx>me  prisms, — that 
is,  to  unite  double  images  by  the  action  of  certain  mif^lcs.  More- 
over, in  mo«*t  of  the  cases  observed  by  him,  with  decreasetl  illumi- 
nation a  limitation  of  the  range  of  accomuKxlation  appearcni  to 
exist  before  the  torpor  retinte  betuine  ver)*  decide<l. 

Ilcuicralopia  is  not,  as  was  formerly  supposetl,  dependent  u|Kiti 
tlie  time  of  day.  Its  apparent  peritHlicity  is  owing  sim[>ly  to  th^ 
fact  that  the  darkness  of  night  comes  on  regularly,  aii<l  all  it8f*ym|>- 
toms  may  be  caused  at  any  time  of  day  by  any  arrangement  which 
diniinishes  tlie  illumination.  If  the  jiatieat  be  letl  from  the  bright 
diiylight,  ho  sees  nt  firet  ver)'  poorly,  and  it  is  only  after  some  time 


*  Uebcr  Bemcralopie,  Btvulftii,  1857. 
t  Arch.  f.  Ophth.,  B.  v.  l.pag.  112. 
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that  he  begins  gradually  to  recognize  object*.     The  same  w  th 
cafle  with  normal  eyci^,  e.\c-c{)t  that  with  hcmemlopia  the  indi^ino 
ue^fs  of  vision  is  at  first  nuioh  greater,  more  time  is  iieedetl  to  adapi 
the  retina  to  tlic  Jlmiuiiahod  iiitoubity  of  light,  and^  ut  best,  vistoi 
remains  far  below  that  of  normal  eyes. 

Both  eyes  are  always  afieeted,  but  not  always  in  the  same  degree,' 

The  changes  in  the  conjunctiva,  whicli  Horac  authors  have  d 
served  simultaneously  with   hemc-ralopia, — for  instance,  <ln»'ncs5, 
with   fatty  degeneration  of  its  e|)itiielium,  (»r  the  api>earance  of 
bright  8jx)t8  upon  it, — have  proljably  nothing  to  do  with  thi 
htruerulupiu,  but  are  to  be  rc^gardcd  only  as  accidental  couiplica- 
tions,  or  aa  the  co-eH'ects  of  the  same  tiuiaeis. 

The  causes  of  hemeralopia  have  been  by  no  means  fully  ex- 
pluineil,  but  this  much  may  lie  said  with  eeriainty,  that  insuffi- 
cient nutrition  .-ind  the  influent*  of  dazzling  light  arc  tlic  princi|Kil 
factors.  Where  the  disea^  occurs  as  an  epidemic,  it  generally 
seems  to  be  due  to  the  sinuiltaiicous  influence  of  these  cau^ 
U|K>n  a  great  number  of  individuals,  for  instanee,  among  trooi>s^ 
sailoi-s,  |>ris(Micre,  etc.  Especially  upon  shipboard  a  citnnectioa 
has  been  observc<l  between  it  and  scorbutus.  Tiie  diseaj^e  occurs 
mostly  in  the  tropics,  where  the  sunshine  is  niobt  dazzling.  It 
Is  oflen  dc-stTibe*!  by  saihtrs  as  "  moon-blindness,*'  The  influence 
of  insuflicieut  uulrition  is  shown  by  the  fact  tliat  the  disease 
scartx'ly  ever  occurs  in  wcll-nonrishcd  |>crsons ;  for  instanre,  on 
shipboard  the  otiieers,  who  are  better  fed,  are  exempt  from  it, 
altliough  they  equally  with  the  crew  are  exjx)sed  to  the  dazzling 
liglit.  In  Mime  of  the  cases  ol)scrved  l>y  Forster  the  dazzling  by 
liglit  could  scarcely  be  regarded  as  the  eause,  while  it  i)rolmlify 
was  in  certain  other  cases  in  which  he  found  the  greatest  torpor 
in  the  region  of  the  macula  lutea.  The  so-called  snow-blindness 
apiH-'are  l«  be  due  to  similar  causes. 

The  treatment  consists  princi[)ally  in  suitable  nutrition  and  in 
protectitm  against  dazzling  light.  Cod-liver  nil,  us  reeomminded 
by  Ilespont,*  ap]>ears  to  act  sim])ly  as  nutritious  food.  Inu-ster 
recommended  that  the  t>attents  l>e  kept  for  some  time  iu  an  abso- 
lutely dark  rttom.  AVIiere  this  is  not  pmeticable,  dark-blue  pro- 
tective speclAcles  sliould  be  worn. 
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532  AN.SSTHESIA  t>F  THE  RETINA. 

A  form  of  amblyopia  well  characterized  by  its  clinical  pecu- 
liarities consists  in  a  diminished  sensibility  of  the  retina,  usually 
described  as  "anpesthesia  of  the  retina."  In  most  of  these  cases 
a  greater  or  less  loss  of  acuity  of  vision  is  generally  associated 
with  an  intolerance  of  light. 

This  affection  is  often  connected  with  other  nervous  diseases, — 
with  hysteria,  anaesthesia,  or  hyperaesthesia  of  the  sensitive  cu- 
taneous nerves,  or  with  spasmodic  aftections,  frequently,  too,  with 
paralyses  of  certain  motor  nerves.  It  occurs  also  in  ]>erfectly 
heiUthy  persons.  It  is  relatively  most  frequent  in  women  and 
children.  In  many  cases,  especially  where  the  disease  is  unilateral, 
wounds,  contusions  of  the  eye,  etc.,  or  reflex  irritations  proceeding 
from  carious  teeth,  are  stated  as  causes.  That  reflex  action  really 
plays  an  important  part  is  proved  by  the  fact  that  diminution  of 
central  vision,  with  concentric  contraction  of  the  visual  field  and 
without  any  ophthalmoscopic  changes,  occurs  as  a  sympathetic 
affection,  and  disappears  in  the  course  of  some  weeks  after  the 
enucleation  of  the  other  eye,  which  of  course  is  already  blinded 
by  irido-eyclitis  or  irido-choroiditis. 

The  essential  characteristics  of  this  form  of  disease  are  the 
following : 

Central  vision  is  generally  only  moderately  diminished ;  it  is 
seldom  less  tlian  4  or  ^  normal;  still,  exceptionally,  there  may 
l»e  a  very  considerable  loss  of  central  vision. 

There  is  always  a  great  contraction  of  the  visual  field,  generally 
concentric,  but  often  with  very  striking  variations  in  its  form. 
The  visual  field  often  shows  great  variations  in  its  extent  when 
examined  according  to  different  methods.  In  general,  however, 
the  statements  of  tlie  patients,  especially  in  the  hysterical  form  of 
the  affection,  are  decidedly  irrational  and  uncertain. 

Simultaneously  there  is  often  hypcnesthesia  of  the  retina,  which 
manifests  itself  Ijy  a  moderate  sensation  of  dazzling,  or  it  may  be 
very  marked,  especially  with  hysteria.  By  a  moderated  light,  or 
by  means  of  coloretl  (dark-blue)  glasses,  vision  is  not  diminished 
as  it  normally  would  be ;  it  may  even  be  improve<l ;  so,  too,  with 
reference  to  the  limitation  of  the  visual  field.  Such  patients 
frefpiently  affirm  that  they  see  better  through  any  ordinary  piece 
of  glass,  or  through  a  weak  prism,  than  with  the  nake<l  eye. 

The  disease  almost  always  occurs  on  both  sides,  although  it 
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mny  Ijo  of  different  <legrees;  exceptionally,  it  occurs  only  on  one 
sido. 

The  optic  nerve  renuiiti^  normal  even  when  the  disease  lasts  a 
long  tirnc. 

The  dltitiirlMinfes  of  vi.vioii  often  appear  in  ihe  course  of  a  few 
davH.  In  other  t-ases,  ou  the  contrary,  the  amblyopia  and  llie 
contraction  of  the  visual  field  come  on  very  gradually,  being 
pr(-c<^d(  li  for  weeks  I)y  jisthcnopiu,  vision  being  still  good,  or  but 
slightly  diuiiniahe*!.  The  contraction  of  the  visual  field  and  the 
diminution  of  vision,  moreover,  do  not  always  stand^n  correspond- 
ing relation.  I  have  repejitetlly  «ibservwl  the  central  vit-iou  very 
nearly  restored  while  there  was  still  a  very  considerable  contrac- 
tion of  the  visual  tield* 

The  prognosis  is  generally  favomble.  Recovery  often  occurs 
in  thccouhjcof  a  few  weeks,  but  in  other  eases  it  is  months — even 
monuhan  a  year — l>efore  visiim  and  theviHual  field  become  a^ain 
normal.  Perlphend  contraction  of  the  visual  field  and  hypei-a*s- 
the^ia  schlom  remain.  AniaumtiL*  bllndnei's  does  not  ap|M'ar  to  Ijc 
cansc<l. 

Von  Graefe  recommeniled  that  the  ])atient  l)e  kept  in  a  dark- 
encil  room,  iti  which  the  light  should  1m?  gradually  increased  after 
about  tliL'  sixth  day.  Later,  it  is  sufficient  to  protect  the  eyes  from 
the  light  by  dark-blue  or  gray  spectacles.  Von  Oraei'e  rccom- 
mende^l  for  internal  atlministration  principally  the  pre|Kiration.s  of 
zinc,  in  iuereaKing  doses  (zinc.  lact.  0.1  to  0.3  daily  =  gr.  jss.  to 
gr.  ivss.). 

Of  course,  during  treatment  all  straining  of  the  eyes  must  l)e 
sedulously  avoided. 

The  designation  of  this  form  of  amblyopia  as  annesthesia  retinre 
is  not  very  apprppriate.  Thi^  name  wouhl  bee<[ually  suitable  for 
many  other  forms  of  amb]yo]>ia.  The  choice  of  this  name  was 
founiied  ujKjn  the  idea  that  the  a)ndition  consiste<l  essentially  in 
an  interruption  of  nervous  ctmimunit-ation  Iwtween  the  layer  of  the 
rods  and  Ci>nes  and  that  of  the  nerve  fibres  in  the  retina;  at  least 
Von  Graefe*  drew  this  conclusion  from  the  fact  that  the  jtatients 
stated  that  the  well-known  fire  circles  could  \>e  produced  in  the 
eye  by  pressure  u|>on  that  part  of  the  retina  corresponding  to  the 
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defect  in  the  visual  ficltl.  Xow,  one  can  by  no  means  always  be 
certain  tliat  external  pre'^sure  on  the  eye  always  is  exactly  u|«»n 
thnt  [>oint  in  the  retina  oorresponding  to  a  defect  in  the  visual 
field,  nnd  not  upon  some  neighboring  |ioint.  T  have  not  boon  able 
in  all  cases  to  produce  the  phenomenon:  the  fire  circles  often  abso- 
lutely fail.  Moreover,  how  do  we  know  that  the  fire  circles  de- 
jwnd  U|)on  an  excitation  of  the.  nerve  fibres?  The  circumstance 
that  ilio  centres  of  the  fire  circles  correspond  with  the  points  of 
pressure  makes  it  prolmble  that  the  phenomenon  is  due  to  an  ex- 
citation of  the  rods  and  cones.  If  it  depended  ujion  an  irritation 
of  the  layer  of  nerve  fibres,  the  nppcrtranocs  would  not  assume  the 
form  of  fire  circles,  hut  would  be  flame-^hajied,  streaming  toward 
the  jxTiphery,  corresponding  to  the  anatomical  arrangement  of 
the  terminal  apparatus  of  the  nerve  fibres  pressed  upon. 

Considering  the  important  rOle  which  the  contraction  of  the 
visual  field  plays  in  this  disease,  the  most  exprossive  name  for  it 
would  be  "visual-field  amblyopia." 

It  may  here  lie  mentioned  that  this  is  the  only  form  of  ambly- 
opia which  prevails  most  in  women  and  children.  All  other  forms 
arc  more  frequent  in  men  than  in  women,  which  may  be  explainal 
by  the  nature  of  the  exciting  causes  of  the  disease. 

A  pure  hypenestiiesia  of  the  retina — that  is,  without  diminution 
of  central  or  peripheral  vision — also  occurs,  and  may  continue  a 
long  time  without  ever  causing  amblyopia,  or  contraction  of  the 
visual  field.  Often  there  is  a  great  susfK?ptibility  to  after-images, 
and  long  continuance  of  the  same,  as  well  as  subjective  light  and 
color  symptoms. 

(|uite  a  large  group  of  amblyopiic  arc  characterized  l»y  a  dimi- 
nution of  vision  without  limitation  of  the  visual  field,  and  with- 
out a  trace  of  central  scotoma.  The  perception  of  color  is  gener- 
ally niichnngcfl;  still,  color-blindness  does  simultaneoiLily  oconr. 
Tlu^  lunduK  appears  jwrfectly  normal,  aside  from  a  hy[jer8emia  of 
the  retina  which  is  often  present,  but  even  then  not  very  marked. 
Even  after  the  amblyopia  has  cxiate<l  a  long  time,  the  optic  nerve 
may  remain  normal  or  it  may  atrophy.  lioth  eyes  are  always 
affected  at  the  same  time,  and  generally  to  an  equal  degree. 

The  causps  generally  appear  to  Ilu  in  the  dietetic  relations  and 
mode  of  life  of  the  patient.  The  following  causes  have  been  ob- 
served: constipation,  irregularity  of  the  circulation,  with  coldness 


of  tic  extremities,  especially  of  the  feet,  the  Bnpprefision  of  habit- 
ual hemorrhnges,  or  of  pntholojjicnl  or  physiological  8e<?rotions, 
irregular  sleep,  uiuluc  straining  of  the  eyw,  exoess  in  veuery,  im- 
mcHlerate  smoking,  but  above  all,  ihc  abase  of  spirituous  liquors. 
All  tliose  wiuacH  are  operative  alone,  but  Rcveml  are  more  fre- 
quently combiiie<I.  The  effect  of  the  abuse  of  alcoholic  drink 
may  explain  the  fact  tluit  this  form  of  amblyopia  is  much  more 
frequent  in  men  than  in  wonion.  The  sfo-called  "amblyoj>ia  pota- 
toria,*'  whieh  is  tsiinpU;  ami)lyopia  not  alfeeting  the  extent  of  the 
visual  field,  and  without  centml  scotoma,  may  be  regarded  as  the 
representative  of  the  entire  group.  Indeed,  eenlral  scotoma  is  not 
infref|uently  due  to  the  abuse  ot"  atnobolir  stimnlnnt*^. 

The  prognoBis  depends  prinei|Killy  upon  wht'lher  it  ie  i>ossible 
or  not  to  remove  the  exciting  can^e,  as,  for  instance,  the  use  of 
alcohol.  If  the  optic  nerve  has  already  beeome  pale,  no  great 
improvement  can  be  expected. 

The  first  object  of  the  treatment  musit,  of  course,  be  to  remove 
the  exciting  cause;  next,  (here  should  be  a  derivative  treatment 
pro)>ortionate  to  the  condition  of  the  strength.  Generally,  in 
persons  otiierwise  healthy,  blood  is  drawn  from  the  temple,  and 
afterwards  dtafihoretifs  and  o:ithnrtics  nre  employed. 

To  complete  this  f^nbjwt,  mention  should  be  made  of  amblyopia 
oaumxl  by  lead  poisoning,  which  likeM'iae  attackfl  both  eyes  at  the 
same  time.  The  amblyopia  may  develop  rapidly,  and  in  a  few 
days  lead  to  almost  complete  loss  of  the  jKirception  of  light.  The 
pupils  nre  at  the  same  time  generally  dilated.  The  prognosis 
apjiears  to  \)e  generjdly  favorable,  since  the  blindness  may  pass 
away:is  rapidly  as  it  has  come  on.  Color-blindness  may  remain.* 
In  the  treatment  the  use  of  opiates  is  si>eeially  indicated,  as  indeed 
is  the  case  in  all  lead  puisouiug. 

Under  the  name  "scotoma  ccntrale''  are  included  all  those  forms 
of  amblyopia  in  which  a  diminution  of  central  vision  is  more  or 
less  sharply  defined  in  a  free  visual  field.  This  symptom  ia  so 
cliaraoterislic  as  to  I'orni  the  nufst  prominent  feature  of  the  disease. 
But  it  should  l)e  remarked  that  various  pathological  processes 
may  cause  this  same  symptom.     It  may  be  positively  asserted, 
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for  instance,  that  there  are  forms  of  neuritis  or  neuro-retinitis 
which  may  cause  scotoma  centrale,  but  from  that  it  does  not  follow 
that  this  symptom  is  always  caused  by  neuritis.  Central  vision 
may  become  so  poor  that  the  patients  prefer  to  use,  instead  of  the 
macula  Iqtca,  some  retinal  point  lying  near  it,  so  that  eccentric 
fixation  occurs.  Indeed,  it  may  happen  tliat  a  flame  in  the  direc- 
tion of  the  line  of  vision  cannot  be  seen ;  it  disappears  so  soon  as 
its  image  reflected  on  the  cornea  corresponds  with  the  centre  of 
the  pupil.  Generally,  however,  the  vision  of  the  macula  lutea  is 
nearly  the  same  as  that  of  the  neighboring  retinal  zone,  or  it  may 
remain  somewhat  better  than  that. 

The  existence  of  central  scotoma  is  often  demonstrated  while 
practising  one  of  the  above  methods  for  testing  the  visual  field 
by  daylight,  or  more  easily  in  otlier  cases  by  dim  lamplight. 
Nevertheless  there  are  frequently  cases  in  which  these  methods  do 
not  prove  sufficient,  and  in  whlcli,  as  Leber*  has  shown,  the  test 
of  the  i>erception  of  colors  is  a  very  convenient  and  sure  method 
by  which  to  recognize  the  nature  of  the  lesion.  One  proceeds  ex- 
actly in  the  manner  above  described,  except  that  small  pieces  of 
colored  paper  aremsed  instead  of  a  piece  of  chalk  or  a  white  ball, 
and  the  boundary  is  note<l  at  whicii  the  patient  begins  to  lose  the 
proi^er  j)erception  of  color. 

Tliere  is  always  an  abnormal  perception  of  color  within  the 
region  of  the  central  scotoma. 

The  affbction  la  generally  bilatcnvl.  It  is  f-eldom  that  it  occurs 
only  in  one  eye.  Fretpiently,  however,  the  degree  of  amblyopia 
in  the  two  eyes  differs.  The  form  of  the  scotoma  generally  cor- 
responds in  the  two  eyes.  Its  greatest  diameter  may  lie  either  in 
tlie  vertical  or  in  the  horizontal  direction.  ForsterVf  investiga- 
tions have  shown  that  in  most  oases  the  scotoma  extends  to 
Mariotte's  blind  spot,  so  that  the  part  of  the  retina  in  which 
perception  is  diminished  includes  the  optic  disc. 

Central  scotoma  appears  either  suddenly  or  it  develojis  in  the 
course  of  a  few  weeks  in  one  eye  after  the  other,  or  simultaneously 
in  both,  by  the  enlargement  of  a  defect  which  at  first  does  not 
always  correspond  witii  the  fixation-jx>int.     The  degree  of  am- 
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blyopin  ia  varied  ;  generally  the  lai^e  letters  of  the  test  type  are 
Htill  ret-ogiiized. 

Frequently  there  are  at  first  no  ophthalmoscopic  changes  either 
in  the  oj)tic  nerve  or  in  the  macula  luteit;  in  other  cases  there  ap- 
pears to  be  an  opacity  of  the  retina,  not,  however,  iu  the  region 
of  tlie  macula  lutt^,  as  one  would  suppose,  but  in  tlic  periphery 
of  the  optic  disc.  Slight,  mostly  striated,  white  opacities  are  situ- 
ated, some  upon  the  surface  of  the  optic  disc  and  some  radiating 
a  distance  into  the  retina;  they  cover  the  place  of  exit  of  the 
f'Veseels,  and  frecjuently  extend  farther  into  the  retina  along  the 
course  of  the  vessels. 

Hy|>erfemia  of  the  rctitm  and  of  the  optic  uerve,  and  small 
ecchymoses  close  to  the  nerve,  also  occur.  In  the  later  stages, 
but  quite  early,  too,  in  many  cases,  there  occurs  a  whitish  or 
bluish  discoloration  of  the  optic  disc,  which,  however,  is  almost 
invariably  confined  to  ita  tem[K>i-al  half,  while  the  color  of  the 
other  half  remains  normal  or  nc-arly  so. 

On  these  grounds  Vim  Graefe*  regarded  central  scjotoma  aa 
caused  by  a  disease  of  the  optic  nerve,  and  Leber  regards  the 
changes  caused  by  a  retro-ocidar  ueuritis  as  the  essential  element 
of  the  disease. 

Concerning  the  causes  nothing  is  certainly  known.  The  cir- 
cumstance that  this  form  of  amblyopia  as  well  as  mast  others 
occurs  almost  exclusively  in  men  and  only  exceptionally  in  women, 
may  give  some  clue  to  its  etiology.  Tlie  abuse  of  alcohol  and 
tobacco,  rei)e}ited  wetting,  and  colds,  ap[>ear  to  exercise  an  influ- 
ence u|H)n  it.     The  disejise  also  appears  to  be  hereditary. 

The  prognosis  is  essentially  iuHueuced  by  the  behavior  of  the 
peripheral  visual  field.  So  long  as  eccentric  vision  remains 
normal,  eventual  blindness  is  not  to  be  feared.  But  if,  on  the 
contrary,  eccentric  vision  fail,  if  the  field  of  vision  contract  at 
its  periphery,  or  if  sector-shaped  defects  radiating  from  the  sco- 
toma appear  in  it,  blinilness  from  atrophy  of  the  optic  nerve  may 
be  rcganled  as  coming  on. 

In  recent  cases  a  derivative  treatment  Ls  to  be  pursued, — bleed- 
ing, foot-baths,  diaphoretics,  cathartics,  etc.  In  many  cases  the 
iodide  of  |M)tafisium  does  good  service. 
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If  the  optic  nerve  have  already  beoome  pale,  no  great  improve- 
ment can  be  expected. 


PnjgrcsBive  atropliy  of  the  optic  nerve  generally  first  manifests 
itfleif  by  ttjutraction  of  the  visual  field,  which  occurs  cither  in 
both  eyes  at  once  or,  more  generally,  first  in  one  eye  and  then  in 
the  other.  In  either  case,  even  when  there  is  a  very  long  interval, 
of  perhaps  several  years,  between  the  ap|>earance  of  the  disease  in 
the  two  eyes,  it  generally  afl'ects  them  both  symmetrically,  bo  that 
tlie  beginning  of  tlie  disease  is  observed  in  both  eyes  in  a  corre- 
sponding part  of  the  visual  field,  be  it  on  its  median  or  ite  tem- 
poral jKiriphcry. 

The  upper  temporal  part  of  the  visual  field  appears  oftenest 
to  be  the  first  affected ;  the  contraction  begins  less  frequently  in 
the  median  periphery.  The  defect  in  the  visual  field  in  these  cases 
ai)pear8  never  to  be  sharply  defined,  but  is  divided  from  the  j)art 
whose  function  is  still  normal  by  a  zone  in  which  vision  is  more 
or  Itas  diminished.  Central  vision,  too,  btsgins  early  to  fail;  tlie 
normal  perception  of  color  is  at  the  same  time  often  interfered  with. 

11'  the  defect  in  the  visual  field  have  already  attained  a  certain 
dimension,  eccentric  vision  in  tlic  eiitin^  jreripliery  is  generally  di- 
minished. The  defect  gradually  approaches  the  fixation-point,  so 
that  frequently  at  a  certain  period  of  the  disease  eccentric  vision 
is  Ijctter  than  central,  aud  absolute  blindness  generally  follows. 

The  o])tic  nerve  always  presents  the  appearances  of  atrophic 
degeneration,  described  on  page  491,  which  appearances  may 
either  pre<xxle  or  follow  the  disturbances  of  vision.  Of  course 
the  opjxirtuuity  of  making  such  observations  is  most  tVequent  in 
the  eye  which  is  attacked  last. 

The  course  of  the  disease  variee  as  to  the  time  which  en.suee 
before  absolute  blindness  of  the  eye  affected,  which  varies  from 
some  months  to  some  years,  and  further,  in  reference  to  the  time 
when  the  affection  appears  in  the  second  eye,  which  may  be  very 
soon  after  the  begintiing  of  tlie  disease  in  the  first  eye,  or  even 
years  later. 

In  a  great  number  of  these  cases  the  iKitho logical  process  is 
limited  to  the  fibres  of  the  optic  nerve  witliout  tliere  being  any 
more  central  disease.  In  many  cases  blindness  occurs  as  the  pre- 
cui'sor  of  mental  diseases.     Quite  frequently  the  disease  of  the 
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optic  nerve  is  connected  with  spinal  disease,  which,  l)efore  vision 
was  affected,  manifested  itself  by  other  symptoms,  such  as  loss  of 
sensation,  unwrtainty  of  the  gait,  contraction  of  the  pupil,  etc. 
According  to  Virchow,*  it  is  esjiecially  with  the  R|iotted  atropliy 
of  the  spinal  cord  that  the  spotted-gray  atrophy  of  the  optic  nerve 
is  connected,  and  accordingly  the  anatomical  causes  of  the  dis- 
turbances of  vision  are  to  be  looked  for  in  the  optic  nerve  itself 
rather  than  in  the  central  organ. 

The  prognosis  is  always  very  unfavorable;  the  treatment  is 
limited  to  tonics.     Energetic  derivative  remedies  always  do  harm. 

The  hemiopic  defects  of  the  visual  field  deserve  special  men- 
tion. Hemiopia,  in  the  exact  sense  of  the  word,  includes  lliose 
cases  in  which  the  visual  field  is  contracted  upon  the  same  side 
in  both  eyes  ;  that  is,  the  defect  is  iu  the  right  Imlf  or  left  half 
in  both  eyes.  The  defect  may  involve  the  entire  half  of  the 
visual  field,  or  only  a  corresponding  fractional  part  of  it  on  both 
sides. 

This  homonymous  hemiopia  is  always  to  be  referred  to  some 
interruption  in  the  optic  tract  before  its  entrance  into  the  chiasm. 
Numerous  physiologioil  and  (Kitlinlogir-al  fartsf  show  that  a  cross- 
ing (semidecussatiou)  of  both  optic  tracts  occurs  in  the  cliiasni  in 
such  a  manner  that  the  right  optic  tract  supplies  the  temporal 
portion  of  the  right  retina  and  the  median  portion  of  the  left 
retina.  An  interruption  iu  its  course  would  accordingly  blot  out 
both  left  halves  of  the  visual  field.  Generally,  but  not  always, 
these  hemiopic  defects  are  sejjarated  from  the  normal  visual  field 
by  a  sharjily  defined  line,  which  may  either  pass  through  the 
fixation-point  or  remain  at  some  distance  from  it. 

Cerebral  hemorrhage  is  the  most  frequent  cause  of  this  hemi- 
opia, and  of  course,  under  these  circumstances,  hemiopia  and  hemi- 
plegia exist  on  one  and  the  same  side.  Hemiopic  defects,  when 
uot  due  to  apoplexy  or  encephalitis,  may  be  caused  by  transitory 
idiopathic  affecti«)ns  of  the  optic  nervous  tract.  It  oft<;n  apiiears 
to  dei>end  upon  syphilis.     Tubercle  in  the  chiasm  was  found  as 


*  Arch.  f.  piitli.  Aunt.,  6.  x.  pAg.  102. 

t  Tbo  sernideciiUAtion  *>f  the  optic  nerre  in  the  chinsni,  which  hw  recently 
been  again  duubteij,  may  bu  regarded  as  dcmoustratcd  by  Qadden'c  invc«ti- 
galioni  (Arch.  f.  Opbth.,  B.  xx.  2,  |iag.  249). 
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the  cause  of  liemiopia.*  Some  cases  ai-e  dpe  to  mysterious  causes 
in  the  nervous  system,  wliich  during  the  course  of  the  affection, 
and  after  recovery,  remain  unkuoNvn.  A  disease  in  the  sulK>tance 
of  the  brain  is  probably  the  cau^e  of  those  hemiopic  defects  which 
do  not  Involve  the  entire  half  (if  the  visnal  fiehl,  but  onlv  a  cor- 
responding iractiunul  part  of  it  on  both  sides,  while  an  affection 
of  the  optic  tract  is  more  probable  in  those  cases  in  which  the  defect 
on  i>oth  sides  extends  to  a  vertical  line  dividing  tlie  visual  field. 
Especially  is  this  true  when  a  symptom  is  added  to  which  attention 
has  been  called  by  recent  physiological  invcstigations.t  After 
division  of  one  optic  tract  l)etween  the  chiasm  and  the  brain  there 
occurs  a  dilatation  of  the  pupil  ui>on  the  op^iosite  side ;  and,  in  fact, 
I  have  seen  many  (sises  in  which  simultjineously  with  hemiopio 
defect  of  the  left  half  of  the  visual  field  the  pupil  of  the  left  eye 
was  evidently  dilated,  though  its  movement  rcraaiueil  normal. 

In  homonymous  hemiopic  defects  whicii  are  limitetl  by  a  sharp 
boundary-line  the  prognosis  is  favomble  in  this  sense,  that  abso- 
lute blindness  is  not  to  be  feared  so  long  as  the  cerebral  disease 
causing  it  does  not  extend  t^)  the  other  hemisphere.  Moreover, 
an  absolute  disappearance  of  this  symptom  is  within  the  range 
of  possibility. 

In  cases  of  pure  heraiopia  the  ophthalmoscopic  appearance  of 
the  optic  disc  is  at  first,  or  during  a  long  time,  normal.  Only 
very  exceptionally,  as  Von  GraefeJ  onre  observetl,  docs  a  homon- 
ymous partial  atropliy  corresponding  to  tlie  defect  in  the  visual 
field  develop  in  tlie  course  of  a  few  years. 

Among  the  hemiopic  disturbances  of  vision  belongs  also  a 
symptom  which  generally  manifests  itself  by  a  sparkling  iu  one 
half  of  the  visual  field.  Frcf^uently  there  is  connected  with  it  a 
simultaneous  hemiopic  defect  of  the  visual  field  of  greater  or  le&s 
extent,  though  tlie  affection  api>ears  also  to  otvur  unilaterally.  The 
sparkling  occurs  at  intervals  with  longer  or  shorter  pauses,  in 
many  persons  almost  daily,  and  lasts  eat^h  time  from  a  quarter  to 
half  an  hour.  The  attacks  are  often  connected  with  hemicrania, 
but  may  occur  without  it. 


*  Or.  HJort,  Klin.  Monatabl.  f.  Augenbeilk.,  1867,  pag.  166. 
f  Knoll,  BeitriLge  zur  Phygiologie  der  Vierhugol,  CentralbUtt  der  me 
WUifiisohnftcn,  1672,  No.  17. 
X  Klin.  Munaubl.,  18Gd,  pn^.  2t8. 
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Listing*  designated  the  symptom  as  " sichelforraiges  Flinimer- 
scotom.'*    Forstert  projiose*!  the  name  iunaumsis  partialis  fugax. 

It  should  be  mentioned,  in  concluding  Uie  suliject  of  homon- 
ymous liemiopia,  that  in  very  rai«  cases  bitatcral  symmetrical 
limitations  of  the  visual  field,  above  and  below,  have  been 
observed,  for  which  an  anatomical  explanation  is  yet  wanting. 

If  these  defects  be  sharply  define<l  from  the  normal  visual  field, 
and  there  be  no  great  diminution  of  central  vision,  a  prognosis 
may  be  made  similar  to  that  in  typical  heraiopia. 


Temporal  hemioptc  defect  is  the  name  given  to  those  limita- 
tions of  the  visual  field  which  involve  only  Its  outer  half  on 
both  sides.  Still,  we  do  not  reckon  as  such,  cases  where,  as  in 
progressive  atrophy  of  the  optic  nerve,  the  defect  begins  on  the 
temporal  side  and  from  there  spreads  over  the  entire  visual  field, 
but  only  thase  which  involve  simply  the  temporal  half  on  both 
sides,  and  which  remain,  for  some  time  at  least,  stationary  in  this 
condition.  Yon  Graefet  remarke<l  that  under  these  relations  there 
are  generally  symptoms  jwinting  to  the  existence  of  a  tumor  or 
some  cause  of  pressure  at  the  base  of  tlie  brain,  and  the  correctness 
of  this  view  has  been  confirmed  by  nnnicrous  observations. § 

Moreover,  there  occur  ca.ses  in  which  tlie  entire  course  of  the 
disease,  or  its  complete  recovery,  renders  the  existence  of  a  tumor 
exceedingly  improbable,  and  suggests  the  idea  that  simple  inflam- 
matory processes  at  the  lase  of  the  brain  may  produce  the  same 
effect.  Every  such  cause  of  disease  acting  at  the  median  line 
\vill,  of  course,  affect  most  the  fasciculi  cruciati  lying  near  the 
median  line,  both  before  and  Iwhind-tbe  chiasm,  aud  accordingly 
the  inner  halves  of  the  retinie  will  suffer  most.  Such  processes 
will  not  be  strictly  limitc<l  to  certain  fibrous  bundles,  but  only 
the  median  bundles  will  be  first  and  most  seriously  affected,  while 
the  more  lateral  fasciculi  will  be  pro|K>rt!onately  less  affected,  so 
that  the  defect  in  the  visual  field  is  not  sharjily  defined. 

The  prognosis  in  temporal  defects  is  generally  more  unfavorable 


•  Klin.  MonaUbl.  f.  Aiigenheilk.,  1867,  pftg.  A34. 
flbid.,  1869,  paj,'.  422. 
X  Arch.  f.  Ophth.,  B.  ii.  2,  poje.  287. 

{  Dr.  D.  K.  Muller,  Arcb.  f.  0|i)illi.,  B.  viii.  1,  pag.  160;  Samisch,  Klin. 
Monat«b1.,  1866,  pag.  61. 
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than  ill  homouymous  hemiopia.  lu  tlie  la£t-uained  disease  the 
persistent  action  of  its  cause  only  completes  the  hemiopia,  but 
never  can  cause  bliudnese  of  one  or  boLl)  eyes ;  but  where  there  are 
temporal  defects  there  is  the  possibility  that  the  cau^  acting  at 
the  base  of  the  brain  may  extend  its  effects  constantly  upon  both 
optic  nerves  beyond  the  limits  of  the  fasciculi  eruciati  and  lead  to 
total  obliteration  of  the  visual  field.  On  the  other  hand,  the  dis- 
ease may  halt  at  any  stage,  or  may  even  entirely  disappear.  Thi» 
depends  essentially  upon  the  nature  of  its  cause. 

Amaurosis  is  sometimes  due  to  intracranial  causes. 

The  symptomatology  of  these  cases  varies,  of  course,  aooording 
to  the  nature  of  the  disease  causing  them.  Both  eyes  may  be 
affected  in  a  Himihir  ur  dia^imiljir  manner,  or  the  disturlwince  of 
vision  may  l)e  unilateral,  lu  tlie  latter  case  it  must  be  assumed 
that  the  cause  lies,  if  not  in  the  orbit,  at  any  rate  in  the  nerve 
between  the  foramen  opticum  and  the  chiasm. 

The  prognosis  depemis  upon  the  nature  of  the  intracranial 
process.  It  sometimes  hnppens,  after  the  absence  for  several 
weeks,  or  even  months,  of  all  perception  of  light,  that  some  degree 
of  vision  retunis;  or  some  remnant  of  vision  may  be  retained, 
although  atrophic  degeneration  of  tlie  nerve  has  begun. 

The  treatment  of  these  cases  is  directed  against  the  primary 
cerebral  disease.  Among  the  remedies  indicated  are  setons  in  the 
neck,  iodide  of  potassium,  corrosive  .sublimate,  cathartics,  etc. 

^Ve  mny  here  mention  a  group  of  rather  rare  cerebral  amnuroeies, 
in  which,  in  botli  eyes,  there  occur  sudden  disturbances  of  vision 
which  in  the  course  of  a  few  hours  or  days  become  eo  great  that 
there  is  often  absolute  loss  of  the  pcrcepfjon  of  light,  and  still 
no  ophthalmoscopic  changes  are  visible.  This  blinduesa  may  dis- 
ap]»ear  us  quickly  as  it  came  on. 

The  best  exiimple  of  this  group  is  the  urtemic  amaurosis.  In 
connection  witli  other  unemic  symptoms,  such  as  headache,  a  sensa- 
tion of  heat,  languor,  shortness  of  breath,  faintness,  or  convulsions, 
there  occurs  a  sudden  loss  of  vision,  which  in  the  course  of  one 
or  two  days  may  amount  to  absolute  blindness.  There  generally 
follows  an  equally  rapid  return  of  vision,  though  not  always  in  a 
uniform  manner,  so  that  during  this  j^riod  defects  may  appear  in 
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the  visual  field.  As  a  rule,  ophthalmoscopic  changes  do  not  exist; 
but  sometimes  there  is  a  slight  swellinir  or  inflammatory  clouding 
of  the  optic  nerve  and  the  surrounding*  retina.  Since  albumi- 
nuria exists  in  all  ttiese  cases,  the  simultaneous  occurrence  of  ura?mie 
amaurosis  and  of  retinitis  nihumtntirica  is  o«5isionally  observed. 

In  a  similar  manner,  and  perha[)S  likewise  dependent  upon  une- 
raia,  sudden  blindness  occurs  after  typhoid  fever,  scarlatina,  etaf 

Hughlings  Jacksout  observeil  in  many  cases  of  epilepsy  that 
absolute  blindness  preceded  the  loss  of  consciousness.  But  such 
cases  occur  aooompanicd  by  indeterminate  symptoms,  and  when 
the  general  condition  is  apparently  gooil. 

The  blindness  is  often  s<>  abs<ilute  that  there  is  not  the  slightest 
perception  of  light,  and  still  vision  may  return  within  a  few  days. 
Or  there  may  Ix;  only  a  partial  improvement,  or  none  at  all,  and 
then  begins  gradually  an  atrophic  degeneration  of  the  optic  nerve. 

Ofien  in  these  cases  the  noticetible  fact  Is  obscrve<l  that,  in  spite 
of  the  absolute  loss  of  peix?eption  of  light,  the  reaction  of  the  pu|)il 
under  its  influence  remains.  Von  Graefe  explained  this  by  the 
theory  that  the  interruption  in  the  central  course  of  the  optic-nerve 
fibres  occurs  at  a  point  posterior  to  that  at  which  is  receive*!  the 
branch  of  the  oculo-motorius,  which  supplies  the  iris,  and  upon 
whose  function  its  reflex  action  dejwnds. 

This  fact  is  important  in  reference  to  the  prognosis,  since,  when 
the  reaction  of  the  pupil  is  retained,  a  restoration  of  vision  may 
be  expected ;  bnt  even  where  the  reaction  is  lost,  reooverj'  is  not 
absolutely  excluded.  The  normal  appearance  of  the  optic  disc 
during  the  first  dn)'8  of  the  blindness  furnishes  no  ground  for  a 
favorable  prognosis,  for  the  atrophic  degeneration  does  not  begin 
for  some  weeks  or  months. 

Mention  should  be  made  of  those  cases  of  sudden  blindness 
which  occur  in  connection  with  hemorrhage  of  the  stomach  or 
bowels  and  which  are  therefore  designated  as  amaurosis  after 
hfieroatemesis.  Some  days  after  a  copious  ha?matemesi8,  or  after 
bloody  diarrhrca,  there  follows  a  rapidly  increasing  amblyopia. 


•  Dr.  Henn.  Schmidt,  Bv.rl  kliu.  "Wocheiischrift,  1S70,  No.  48  und  49. 
t  Ebert,  Berl.  klin.  AVochenxchrift,  1808,  No.  2. 
X  Ophth.  Hoflp.  Rep.,  iv.  2,  p&g.  14. 
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As  a  rule,  all  perception  of  light  is  lost  after  one  or  two  days, 
thougli  souiettmea  a  remnant  of  vision  remains.  In  a  short  time 
atrophic  degeneration  of  the  optic  nerve  begins:  still,  the  suspicion 
first  expressed  by  Von  Graefe,*  that  this  is  due  to  primary  irrita- 
tive processes  in  the  optic  nerve,  liaa  much  in  its  favor. 

In  one  case,  which  I  examine<]  on  the  eighth  day  of  blindness,! 
the  boundary-line  of  both  optic  discs  was  marked  by  a  cloud- 
ing whicli  extended  into  tlie  retina  for  a  distance  equal  to  the 
diameter  nf  the  disc.  In  one  eye  there  was  a  small  retinal  hemor- 
rhage close  to  the  disc.  The  large  vessels  presented  no  marked 
changes;  the  optic  disc  was  somewhat  \>a\e.  Later,  the  usual 
appearances  of  atrophic  defeneration  develope<l.  The  optic  disc 
appeared,  by  daylight,  a  bright  yellowish  green,  sharply  defined, 
and  from  it-s  surface  and  the  surrounding  retina  had  d{sap|>ear 
all  traces  of  the  original  clouding.  Tlie  small  hemorrhage  disap*^ 
peared,  the  arteries  were  somewhat  contracted,  the  veins  remained 
of  normal  width.  In  another  case,  which  did  not  lead  to  blindness, 
but  which  reduce<l  vision  to  about  ^,  with  contraction  of  the  visual 
field,  there  was  from  tlie  beginning  a  very  evident  neuritis.  In 
one  eye  it  was  only  partial,  and  limited  to  the  upper  half  of  the 
optic  nerve,  and,  c*)ri*csponiIiMg  to  this,  the  defect  in  the  visual  field 
was  below. 

The  relation  between  the  loss  of  blootl  and  the  disease  of  the 
optic  nerve  is  wholly  unexplained.  It  cannot  be  due  to  simple 
anaemia,  since  not  only  does  copious  loss  of  blood  occur  without 
causing  atrophy  of  the  optic  nerve,  and  even  after  hrematemesis 
this  sad  complication  is  rare,  but  antemia  did  not  exist  among  any 
of  thase  who  were  blinded  under  these  circumstiinces.t 

Amauroses  due  to  orbital  causes,  such  as  tumors,  [>eriostitis, 
inflammation  of  the  connective  tissue,  fractui*es  of  the  Iwny  orbital 
walls,  etc.,  may  be  caused  by  compression  of  the  nerve  or  by  retro- 
ocular  or  ophthalmoscopically  visible  neutitis. 

Certain  cases  in  wiiicli  a  slight  contusion  or  compression  of  the 
eye  has  immediately  caused  great  disturlmnce  of  vision  with  or 
without  defect  in  the  visual  field,  or  even  complete  blindne 
remain  wholly  unexplained.     The  objective  appearance  in  such 


*  Arch.  f.  Opbth.,  B.  xii.  2,  pag.  149, 

f  Von  Oraefe,  Arch.  f.  Ophtb.,  B.  vii.  1,  p»g.  150. 


is  at  first  wholly  ne^itive.     Later,  atropliic  degeneration  of 
the  optic  nerve  may  develop,* 

The  occurrence  of  reflex  amauroses  is  also  asserted,  and  is 
referred  to  the  irritation  of  (Cental  nerves  in  carious  teetli.f  Ac- 
cording to  Hutchinson,^  these  reflex  effects  may  oocur  when  the 
carious  teeth  are  not  painful. 

The  hyi>oderuiiL'  injection  of  strychnine  in  all  forms  of  ambly- 
opia has  lately  l)een  reconiniended.§  I  have  seen  a  nunil>er  of 
c&avA  improve  under  this  treatment,  just  as  might  Imppen  with 
any  treatment,  or  without  any  treatment  whatever;  but  the  ma- 
jority of  tlic  absolutely  ucgativc  results  is  so  great  that  I  have 
not  Ixicn  able  to  satisfy  myself  of  the  action  of  strychnine  upim 
the  optic  nerve.  1  iiave  never  seen  such  immediate  improvement 
of  vision  after  the  injection  of  strychnine  as  is  asserted  by  Nagel 
to  occur. 

Here  is  the  ])lace  to  discuss  the  methods  for  detecting  simulated 
amblyopia.  If,  as  ii^  generally  the  case,  ab^lute  amaurosis  on  one 
side  be  simulated,  the  beet  and  shortest  method  is  that  propo3e<l  by 
Von  Graefe.JI  Only  the  healthy  eye  is  cx|H'rimented  with,  and  a 
prism  of  from  (i°  to  12°,  with  its  base  turned  upward  or  down- 
ward, is  pla(MHl  l»efore  it.  If  now  a  candle  flame  or  a  dot  or  fine 
line  upon  a  white  paper  be  seen  double,  the  simulation  is  at  once 
proved,  and  at  the  same  time  the  degree  of  vision  in  the  pretended 
blind  eye  can  be  determined  with  sufficient  exactness.  As  a  fur- 
ther confirmation,  it  may  be  tried  whether  the  double  im:ige  moves 
during  rotation  of  the  prism,  or  whether  tiie  diplopia  disappears 
upon  the  re-establishment  of  binocular  single  vision  when  the 
base  of  the  prism  is  turned  outward. 

It  sometimes  happens  that  the  simulators  deny  the  diplopia, 


*  Tcstelin,  Klin.  Momitebl.,  I8<S6,  pag.  858. 

t  'Wccker,  Klin.  Moiiat8hl.,1865,  pA^.  260;  Alexander,  ibid.,  1868,  pag.42. 

X  Opluh.  H'j»i..  Kop.,  It.  4,  pag.  381. 

J  Fr^mtnpaii,  Guz.  di^s  H6p.,  49,  1668;  Samann,  DcuUche  KUnik,  1864, 
No.  44  und  45;  Talko,  Klin.  Monalsbl.  f.  Au^enhoilk.,  1868,  pag.  7!t,  und 
18€0,  pag.  146;  Nagi^l,  Die  Bebandlung  der  Amauroion  mil  Strychnin, 
Tiibingen,  187K 
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because  they  happen  to  know  that  one  of  the  images  belongs  to 
the  px*etentle<;l  bliml  eye.  For  sucli  cases  Von  Graefe*  has  pro- 
posed a  modification  of  his  other  method.  The  pretended  blind 
eye  is  coveretl,  and  a  prism  refracting  vertically  is  so  held  before 
the  normal  eye  that  its  refracting  angle  biseotn  the  pupillary  spatTe, 
If  this  angle  be  sharp  enough,  and  the  pupil  be  not  too  small, 
monocular  diplopia  will  be  prodnoed.  If  now  the  simulator  deny 
the  existence  of  the  monocular  diplopia,  there  is  go«l  ground  to 
duubt  the  truth  of  his  statements.  If,  however,  the  monocular 
diplopia  be  ailmitted,  it  can  be  very  easily  converteil  into  binocular 
diplopia  by  uncovering  the  preteudwl  blind  eye  and  so  moving  the 
prism  that  it  shall  cover  the  entire  pupillary  region. 

The  stereoscope,  too,  may  be  employed  for  tlic  diagnasis  of 
simulated  blindness.  Each  eye  is  known  to  liave  its  own  visual 
field.  Both  visual  fields  are  united  in  a  common  one»  and  it  is 
impossible  for  one  to  tell  the  |)art  |)erformed  by  each  eye  separately 
in  this  common  visual  field.  Having  now  observed  that  a  union  of 
the  two  visual  fields  actually  takes  place,  wecan  present  an  object 
to  one  eye  which  ap|>ears  in  tlie  oomraon  vistml  field  witliout  the 
patient's  knowing  with  which  eye  he  sees  it.  There  is  no  diffi- 
culty in  thus  leading  his  judgment  astray.  If  union  of  the  visual 
fields  take  place,  an  object,  for  instance,  in  tlie  right  half  of  the 
left  visiml  field,  lies  upon  the  right  side  in  the  common  visual 
field,  thus  conveying  the  im]>ression  that  it  is  seen  with  the  right 
eye,  while  in  fact  the  retinal  image  belongs  only  to  the  left  eye. 

Under  certain  circumstances  Hering's  dropping  experiment 
(p.  113)  is  also  applicni>le  for  this  purpose. 

Where  there  is  fsimulation  of  unilateral  amblyopia,  an  exact. 
determination  of  the  acuity  of  vision  at  different  distances  caail) 
exposes  the  falsity  of  the  statements.  Sinmlatetl  defects  in  the 
visual  field  may  be  Iwst  detected  by  repeatedly  sketching  the 
visual  field  at  different  distances ;  or,  where  the  boundaries  of  the 
defect  in  any  direction  lie  near  the  fixation-point,  tlie  retinal 
image  may  be  thrown  by  a  prism  upon  the  pretended  non- 
sensitive  [wrtton  of  the  retina,  and  its  functional  activity  proved 
by  the  diplopia  provoked  in  this  way.f 


*  Klin.  Monfttsbl.,  1867,  pag-  58. 

+  Alfred  Graefe,  Arch.  L  Ophth.,  B.  v.  1,  jiag,  124. 


^^^^H                         ^^^H 

^H 

Angle  of  vision,  102.                    ^^H 

■Ik 

Anisonietropitt,  74.                         ^^^H 

Absceu  in  cornea,  801,  801. 

'Annular  adhesions,  836.               ^^^| 

in  lid»,  22«. 

Aortic  insufficiencr,  412.              ^^^| 

in  orbit,  11)2. 

Aphakia,  60,  3<)0.                            ^^M 

Accommodiition,  16,  21. 

and  accommudalion,  301. 

anoniftlieft  of,  11. 

Apparent  myopia,  83. 

changes  during,  21. 

Apparent  strabismus  dirergens,  126. 

formula  for,  25. 

Arcus  aenili.**,  325. 

latent,  47,  fi7. 

Artoria  hyaloidea  porsistens,  399. 

mechaniBin  of,  S3. 

Arterinl  pulsation,  410. 

Itaralysi-s  of,  76. 

ArtiBcial  looch,  51.  62,430. 

by  atropine,  61. 

Astlienopia,  accommodalivc,  57,  62. 

p1ioaph«nes,  22. 

astigmatic,  6i>. 

range  of,  16,  23. 

conjunctival,  62,  253. 

relative  range,  16. 

muscular,  168. 

spaiin  of,  83. 

nervous,  62,  86. 

with  aphakia,  391. 

spasm  of  accommodation,  88. 

Acuity  of  vixion,  huw  determined,  28. 

Astigmatism,  63. 

AlbintBtnus,  416. 

after  cataract  operation,  891. 

Albuminuria  a  cause  of  retinitis,  465. 

compound,  69, 

Aroauroiin,  626. 

correction  of,  70.                   ^^^h 

after  bematemesii.  648. 

irregular,  64,  812.                 ^^H 

from  intracranial  causes,  &42. 

mixed,  69. 

partialis  fugax,  541. 

ophthalmoscopic  diagnosis,  118. 

simulaia,  545. 

regular,  64.                                    < 

urnmte,  542. 

simple,  69. 

Amaurotic  cat's  eye,  496. 

test  objecU,  68. 

Amblyopia,  52)j. 

Atheroma  of  retinal  arteries,  458. 

congenitn,  628. 

Atrophy  of  choroid,  85. 

ex  anopaia,  628. 

of  eye,  341,  614. 

fW>ro  lead  poiaon,6S6. 

of  optic  norve,  491,  638. 

potntoria,  585. 

Alropino  conj u noli v ills,  257. 

AniDstiiesia  retinie,  632. 

K        Anchyloblepbaron,  247. 

^H 

1         Anerytliropsia,  529. 

■         Aneuri&m  of  art«ries,  199. 

Basedow's  disease,  196.              ^^^H 

1         Angle  <x,  122. 

Bicylindrical  lenses,  90.             ^^^| 

I         Angle  oc',  42,  126. 

Bifocal  lenstti,  90.                             ^ 

^^^ 
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Bleeding  by  artificial  leech,  430. 
Blennorrhoea : 

conjunctival,  258. 

gonorrhceal,  262. 

neonatorum,  261. 

of  lachrymal  sac,  209. 
Blepharitis,  218. 
Blepharopbimoais,  239. 
Blepharoplastic  operations,  247. 
Blepharospasm,  228. 
Blepharospath,242. 
Blindness  in  epilepsy,  543. 

from  compression  of  nerve,  644. 

in  scarlatina,  543. 

in  typhoid  fever,  643. 

simulated,  646. 
Blue  spectacles,  28. 
Bougies  of  laminaria,  215. 
Bowman's  probes,  210.  212. 
Brain  disease,  neuro- retinitis,  480. 
Brtght's  disease  and  retinitis,  462. 
BuphthalmuB,  829. 
Bums  on  conjunctiva,  286. 

C. 

Calabar  bean,  80,  168,  319. 
Calcification  of  choruid,  428. 

of  iens,  3.38,  369. 
Camera  obseura,  12.' 
Canaliculi  lacrymales,  occlusion  of, 

206. 
Cancroid  of  cornea,  325. 
Capillary  pulsation  in  optic  nerve, 

412. 
Capsule  of  Tenon,  193. 
Caries  of  orbit,  193. 
Caruncle,     lachrymal ,    hypertrophy 

and  extirpation  of,  213. 
Cataract,  356. 

anterior  central,  366. 

black,  360. 

capsular,  385. 

complicated,  360. 

congenital,  360. 

cortical,  367. 

diabetic,  361. 

incipient,  363. 


Cataract,  lamellar,  364. 

Morgagnian,  358. 

nuclear,  868. 

operation  for,  370. 

posterior  polar,  44,  869. 

punctated,  363. 

pyramidal,  367. 

secondary,  387. 

senile,  369. 

striated,  363. 

traumatic,  861,384. 
Caustics  in  blennorrhcea,  264, 274. 
Centre  of  rotation  of  eye,  126. 
Chalazion,  222. 
Changes  during  accommodation,  21. 

senile,  in  lens,  26. 
Chemosis,  259. 
Choked  disc,  478. 
Cholera  and  blindness,  489. 
Cholesterin  in  vitreous,  397. 
Choroid  appearance,  416. 

atrophy,  86. 

coloboma,  487. 

detachment,  481. 

embolism,  421. 

hemorrhages  in,  433. 

hyperremia,  418- 

intervascular  spaces,  416. 

ossification,  347,424. 

pigment  epithelium,  415. 

rupture,  433.* 

sarcoma,  435. 

tubercle,  434. 

tumors,  435. 
Choroiditis,  420. 

acute,  424. 

disseminata,  426. 

due  to  embolism,  421. 

in  moningitis,  423. 

in  myopia,  44. 

in  recurrent  fever,  419. 

puerperal,  421. 

purulent,  420. 

syphilitic,  429. 
Chromhidrosis,  228. 
Ciliary  nerves,  neuralgia  of,  510 

paralysis  of,  611. 
Coloboma  of  choroid,  487. 


■■m 

B^^^^^^^                           ^^ 

Colobomt  of  iTiB.  80,  868. 

Diubotes  and  cntaract,  861.                          ^^^H 

of  Hd,  2M. 

Difl'eri^t  refraction  in  eyeit,  74.                   ^^^H 

Color-Miiidnesi,  520. 

Diptitlioritis  conjunctivie,  268.                    ^^^H 

Concomitant  eqiiint,  149. 

and  paralysis,  81.                                  ^^^f 

Condylomata  iridis^  340. 

Diplopia,  120,  130,  182.                               ^^H 

Conjugaio  foci,  18. 

masked,  18^.                                          ^^H 

Conjunctiva,  Imnis,  285. 

monocular,  80.                                       ^^^H 

foreign  bodies,  285. 

DiscUioQ,  870,  871,  382.                               ^^H 

Iiyperfomia  of,  262. 

Distichiasis  congettit4i,  244.                         ^^^| 

tumors  of,  288. 

fhrinknge  of  conjunctiva,  289.            ^^^H 

Conjunctivitii,  ulrojiiDe,  257. 

Divergence  of  visual  axes,  128.                  ^^^H 

b1ennorrhcB&[,  258. 

Double  iinag«6,  teat,  186.                           ^^^| 

diplitberilic,  2C8. 

Double  masked  images,  138.                       ^^^H 

follicular,  271. 

Dropping  exjieriment,  75,  118.                   ^^^B 

gmnuliir,  266. 

Dynamic  squint,  169.                                   ^^^H 

inoculated,  280,  282. 

^^^1 

|ihlyet«nular,  289. 

^^1 

&lni])le,  254. 

trachomatous,  275. 

Ectropion,  219,  288.                                     ^^H 

Corelysis,  889. 

Kexema  of  lids,  226.                                    ^^^H 

Cornea,  abscee;  in,  301,  804. 

Klti^ti'i-ity  of  tuudrles,  165.                             ^^^^| 

cicatrices,  294. 

Electricity,  82.                                              ^^H 

curvnturefi,  69,  121. 

BmboHsm  of  central  retinal  artery,                ^M 

faceU,  296. 

487;  of  iu  branches,  422.                ^^B 

fistula,  318. 

of  choroid,  421.                                        ^^^H 

foreign  biKlies,  821. 

Emraetropia,  12,  15.                                     ^^^H 

opacttie-t,  811. 

Emphysema  of  lids,  208.                             ^^^H 

stapbylninii,  815. 

of  orbit,  201.                                          ^^H 

tuniurs,  324. 

Encephalitis      interslitiali^,    corneal                J 

ulcers,  197,  2C0,  808. 

ulcer,  307.                                                       ^^H 

vesiules  on,  819. 

Entropion,  28').                                             ^^^H 

wounds,  821. 

Enucli'aiion,  348-852.                                     ^^^H 

Crossed  images,  188. 

Ephidrosis,  228.                                             ^^^| 

Cryptogams  in  canaltculi,  206. 

Kpicanthus,  244.                                               ^^^^| 

_          Cyclitis,  418. 

■         CylindricHl  lenses,  69.  90. 

'         Cysdcereus,  899. 

Epiphora,  210.                                                  ^^^| 

Episcleritis,  .S26.                                           ^^^^ 

Epitbtjliuiiia  of  lidtt,  227.                             ^^^H 

Cystotd  cicalriuilion,  621. 

Erguttsm  and  cataract,  861.                           ^^^| 

K         Cysta  on  iris,  854. 

Erysipelas,  191,  226.                                        ^^H 

H                 on  lids.  221,  227. 

Examination,  range  of  accommoda-         ^^^| 

■ 

^^H 

V 

acuity  of  vision,  28.                            ^^^H 

I 

in  inverted  imngo,  KK).                          ^^^^| 

'          Daoryoadonitts,  203. 

in  upright  image,  9C.                             '^^^H 

Dftcryotysiitis,  208, 

Excavation  of  optic  nerve,  atrophic,               V 

M            DarrynpF,  205. 

M 

H          DecuMiitiun  of  optic  nerve,  689. 

glaucomatous,  502.                                       ^M 

H        Dermoid  of  cornea,  324. 

phyiiolugiciil,  406,  500.                            ^M 

^^H           650                      ^^^^               IXDEX.                    ^^^^^^^^^^^H 

^^^H          ExerciM,  partilyzed  muscles,  141. 

G^^^^^^^^B 

^^^H          Exophthulmumelers,  202. 

^^^H          Exophtbalmus,    obstructed    circula- 

Gerontoxon,  S26.                             ^^^| 

^^H 

Olaoooma,  501.                                ^^H 

^^^H                  inflamed  orbital  tissues,  193. 

aculum,  014.                                  ^^^H 

^^^H                  morbus  Baaedowii,  196. 

chronicum,  613.                          ^^^| 

^^^1                  paralytic,  142. 

fulminans,  614.                           ^^^| 

^^^H                 puUating,  198. 

hypurmcLropia  in,  516.                ^^^| 

^^^H                   veuoua  hyperiemia,  198. 

inflammatory,  609.                     ^^^H 

^^^H          Ezoetosei  of  orbit,  201. 

iridectomy  in,  617.                    ^^^M 

^^^B         Extirpation  of  eye,  348,  352. 

malignum,  519.                          i^^^H 

^^^1                 of  lachrymal  gland,  206. 

neuralgia  in,  610.                       ^^^| 

^^^H                 of  lachrymal  eac,  '2\h. 

secondary,  616.                           ^^^| 

^^^H                  of  orbital  conteDta,  201. 

simplex,  502.                               ^^H 

^^^^L         Extraction,  370. 

Glioma  of  retina,  494.                       ^^H 

^^H                fiap. 

Glio-sarcoma,  495.                                    ^M 

^^^H 

Gonorrhceal  blennorrho^,  202.                H 

^^^^H                 with  capsule,  S6l. 

Granular  lids,  266.                                    H 

^^^H         Extravasation  in  retina,  47,  46S. 

Granulations,  acute,  274.                  ^^^^ 

Gummata  iridis,  341.                        ^^^H 

^H 

^H 

^^^H        Facets  of  cornea.  295. 

H.-                     ^^ 

^^^H         FacultatiTe  hypermetropiu,  68. 

Habit,  force  of,  in  hypermetropia,  57.     ■ 

^^^H           Far  point,  15. 

Heart    disease   and    retinal    hemor-     1 

^^^B           Fatty  degeneraUon  of  muselea,  197. 

rbage,  468.                                              fl 

^^^^B         Febris  rocurrens  and  choroiditis,  419. 

Eemeralopia,  188,  447,  629.                     1 

^^H         Field  of  vision  tested,  526. 

Hemiopia,  689.                                   ^^^| 

^^H         Fistula 

bomonjmoua,  640.                        ^^^| 

^^^H                   liichrymal,  216. 

tem(>oral,  541.                                      B 

^^^H                      cornea,  318. 

Hemorrhage    beneath    coQJanctiTa,      1 

^^^H     .      Flimmerscotum,  541. 

284.                                                       ■ 

^^^B           Focal  ilUmination,  291. 

in  choroid, 4S8.                              ^^^ 

^^^H                  interval,  65. 

in                                                  ^^H 

^^^H 

in  retina,  47,  4G8.                      ^^H 

^^^H          Follicles  of  conjunctiva,  271. 

into  vitreous,  397.                       ^^^| 

^^^H         Foreign  bodies  in  curnea,  321. 

Hering's  experiment,  76,  lift.           ^^^| 

^^^H                 in  anterior  cbumber,  822. 

Herpes  frontalis,  224.                           ^^^| 

^^^H                  in  conjunctiva,  285. 

Homonymous  images,  188.                ^^^| 

^^^H                  in  leui)  and  vitreous,  885. 

Hordeolum,  221.                                 ^^H 

^^H                 in  orbit,  201. 

Hyaline  membrane  thickened,  428.        S 

^^^H'         Formula  for  accommodation,  26. 

Uyalitis,  895.                                              1 

^^^H                 for  conjugate  foci,  14. 

Hyaloid  artery,  899.                                   1 

^^^B          Fovea  centralis,  414. 

Hydrocephalus  a  cause  of  blindness,      I 

^^^1         Fracture  of  orbital  walls,  201. 

481.                                                           1 

^^^H          Fundus, opbtbalmoauopjc  appearance. 

Hydromoningitis,  342.                              fl 

^^M 

Hydropbtbalmua,  829.                               1 

^^^m        Fungtu  himuibodes,  495. 

Hydrops  sacci  lucrymaUs,  309.         ^^H 
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Hypcrsstlicsia  of  retina,  bZ4. 
Hypermetrupla,  12,  52. 

abflolutc,  5Z. 

anatomical  condition,  59. 

and  Rlrabiimtu  convergens,  149. 

congenital,  60. 

convex  lenses  in,  61. 

degree,  how  found,  67. 

facultative,  53. 

latent,  57,  61. 

manifest}  57. 

relative,  68. 
Hypopion,  295. 
Hypopion-keratitis,  29fi,  801. 
Hysteria,  281. 


Ice  in  blennorrhcDa,  268. 
IlUqiiefltio,  244. 
Image,  ophtlialmoecopic,  101. 
Incongruence  of  rotinK,  157. 
Infiltration  of  cornea,  279. 
Innervation  of  ocular  muscles^  129. 
Tnooulfition,  gonorrlimal,  282. 
Insuffii'ioncy  of  ocular  miisclee,  61, 

169. 
Intervascular  apacos,  416. 
Intraocular  preuure,  410,  601,  607. 
Intraocular  tumors,  829,  435,  494. 
Invc-rted  image,  100. 
Iridal^MH,  389. 

Iridectomy   lu    cataract   uperationa, 
374. 

in  cloudiness  of  cornea,  813. 

in  disoi&ion,  888. 

In  glaucoma,  517. 

in  irido-cj'cUtis,  349. 

inirltisandir)do-cboroid[ti8,3S8. 

in  lamellar  cauract,  866. 

In  luxation  6f  lens,  890. 

in  suppuration  of  cornea,  806. 

theory  of,  621. 
Irideremta,  S53. 
Irido-choroidilie,  324,  886,  423. 
Irido-cyclitis,  844. 
Iridode^iB,  821. 
IridodialyBts,  628. 


Iridotomy,  814. 

Iris,  innervation  of,  643. 

Iritis,  882. 

chronic,  336. 

gummosa,  341. 

idiopathic,  382. 

rola{)Bing,  884. 

rheumatic,  384. 

secondary,  343. 

serosa,  842. 

syphilitic,  840. 

variolosa,  341. 

with  fehriK  rocnrrens,  841. 

with  gonorrhoea,  342. 

with  pnnnus  trachoma,  279. 
Irritation  in  myopia,  44. 
Iscbsemia  rctinie,  482. 


Keratitis : 

fascicular,  293. 

hypopion,  2115,  801. 

interstitial,  297. 

marginal,  289. 

neuro-paralytic,  806. 

parenchymatous,  297. 

plilyctt'nular,  292. 

profunda,  207. 

punctate^*  399. 

purulent,  800. 

relapsing,  823. 

syphilitica,  298,  300. 

varioiuaa,  806. 

with  interstitial  encephalitis,  807. 
KoratocoDUS,  319. 

L. 

Lachrymal  canals,  obliteration, 207. 
Iiai'hrymal  fistula,  216. 
Lachrymal  gland,  oxlirpation,  206. 

inflammation,  208. 
Lachrymal  sac,  intiammation,  208. 

obltteratliin,  215. 
l.,agoplitbalnms,  233. 
Lamina  ortbro&a,  404. 
Laminarta  bougies,  215. 
Latent  range  of  accommodation,  5T. 
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Leech,  artificial,  51,  52,  480. 
Lens,  calcification,  888,  869. 

changes  in  accommodation,  21. 

luxation,  888,  480. 

opacities  of,  866. 

neutralizing,  52. 

senile  changes,  26. 

Stokes',  78. 
Lenses,  bifocal,  90. 

cylindrical,  90. 

properties  of,  12,  87. 
Leptotbrix,  206. 
Leuciemia,  462. 
Lice,  221 

Lids,  diseases  of.  218. 
Linear  extraction,  870. 
Liquefaction  of  vitreous,  893. 
Lithiasis  conjunctiva,  222. 
Lupus  of  lids,  227. 
Lymph  spaces,  191,  423,  481. 

U. 

Hacropia,  85. 

Macula  lutea,  405,  413. 

diseased  in  myopia,  45. 

physiological  behavior,  414. 

retinitis  of  macula  lutea,  463, 469. 
Malignant  pustule  on  lid,  226. 
Mariotte's  blind  spot,  45. 
Masked  double  vision,  188. 
Medullary  sheaths,  retina, '439. 
Meibomian  glands,  219,  222. 
Melanoma  of  cornea,  325. 
Membrana    pupiliaris    perseverans, 

353. 
Meningitis,  irido-choroiditis,  423. 
Meridian,  principal,  G4. 
Meridional  asymmetry,  64,  117. 
Metamorphopsia,  46,  448,  462. 
Micropia,  77,  461. 
Miners'  nystagmus,  188. 
Moon-blindness,  531. 
Mouches  volantes,  44,  393. 
Movements  of  eyes,  126. 

in  myopia,  43,  51,  167. 
Muscles,  fatty  degeneration,  197. 

innervation  of  ocular,  129. 


Mydriasis,  77,  78. 
Myodesopia,  44,  898. 
Myopia,  12,  31. 

anatomical  changes,  82. 

apparent,  83. 

causes  of,  89. 

complication!  in,  41,  168. 

irritation  in,  44. 

ophthalmoscopicappearances,  35. 

spectacles  indicated,  48. 

spectacles  contra-indicated,  49. 

treatment,  47. 
Myosis,  84,  86. 

W. 

Karcosis  during  extraction,  880. 
Nasal  duct : 

probing,  210. 

stricture,  208. 
Near  point,  15,  16. 

absolute,  16. 

binocular,  16. 
Negative,  relative  range  of  accom- 
modation, 19. 
Nerve-sheaths,  medul.  of  ret,  439. 
Nerve-sheaths,  separation  of,  34. 
Neuritis  and  neuro-retinitis,  475. 

descendens,  485. 

fulminans,  477. 

interstitialis,  484. 

retrobulbar,  193,  482. 

with  orbital  inflammation,  193. 
Nystagmus,  187,  454. 

O. 

(Edema  conjunctiva  sclerse,  284. 

retina;,  425. 
Onyx,  300. 

Ophthalmia  militaris,  283. 
Ophthalmometer,  119. 
Ophthalmoscope,  95. 

binocular,  111. 
Ophthalmoscopic  diagnosis  of  refrac- 
tion, lie. 

examination  by  daylight,  llo. 

image,  size  of,  101. 


^^^^^^^^^^^^^^^^^^wSESt^^^^^^^^^^^^^^oS^^^^^H 

optic  diic,  appenrnnce,  403. 

Phosphcncs,  22.                                              ^^H 

excavation,  404. 

Photophobia,    »yn.     blepharocposm,          ^^H 

in  myopia,  87. 

228, 292.                                                        ^H 

Optic  nerve^  atrophy,  491. 

Phthisis  bulbi,  524.                                       ^^M 

decu8satioD,689. 

Pigmentation  of  disc,  498.                           ^^H 

distribution  of  fibres,  405. 

Pigmentation  of  retina,  447.                        ^^^| 

excavation,  404. 

Pinguecula,  288.                                             ^^M 

inflammation  of^  475. 

Polyopia,  monocular,  86.                                ^^^| 

ophthalmoscopic  appearance,  408. 

Polypi,  nasal,  21S.                                         ^^M 

Optometer,  67. 

of  lachrymal  sac,  217.                            ^^H 

Orbit,  affections  of,  101. 

of  nasal  duct,  217.                                  ^^H 

Orthopedic  treatment  of  stTabitinus, 

Positive  relative  range  of  accommo-          ^^^| 

leo. 

^^M 

OssiOeation  of  choroid,  347,  424. 

Presbyopia,  25.                                                ^^H 

of  vitreous,  896. 

correct  by  lenses,  28.                                 ^^^| 

Principal  focus,  12.                                        ^^^^ 

P. 

Principal  mcridiani  64.                                 ^^^| 

Pannus  phlyctsniilosus,  294. 

Prisms,                                                                 ^^^| 

Punnu.4  trachoDLntosus,  276,  294. 

in  diplopia,  140.                                         ^^^| 

Panophtbaimitis.  420,  422. 

in  strabiAmuE^,  172.                                  ^^^| 

Paracentesis  of  cornea,  299,  810. 

overcoming,  1^1,  172.                               ^^^^ 

with  abscess,  806. 

Probes,  Bowman's.  210,212.                         ^^H 

with  iichiunia  rotinte,  4R3. 

Probing  nasal  duct,  210.                                 ^^H 

with  ulcer,  309. 

Projection,  faUe,  in  paralysis  of  ocul&r          ^^^| 

Parallax,  binocular,  66. 

muscles,  143.                                                ^^H 

ophthalmoscopic,  406,  50a. 

Prolapsus  iridis,  309.                                     ^^^| 

Paralysis  of  accommodation,  76. 

Protective  spectacles,  04.                               ^^^| 

cauMA  of,  180. 

Pterygium,  28&.                                             ^^| 

diphtheritic,  81. 

cicatricial,  287.                                      ^^H 

of  abdacens,  184. 

Ptosis,                                                            ^^^^1 

_              of  ocular  muscles,  134,  197. 

PuUating  exophthalmus,  198.                 ^^^^^1 

■              of  ocdIo- motor! us,  141. 

Pulsation  in  retina:                                     .^^^H 

1            of  orbicularis,  282. 

arterial,  410,  600,  &12.                            ^^M 

■             of  trochlearis,  145. 

venous,  409.                                              ^^^| 

■             rheumatic,  ISO. 

Puncta  tacrymalia,  anomalies,  206.              ^^H 

P             syphilitic,  139. 

Pupil,  occlusion,  885.                                     ^^^| 

Pediculi,  221. 

Pupillnry  membrane,  358.                             ^^^| 

Pemphigus  of  conjunctiva,  286, 

Purpura  hnmorrhagica,  458.                          ^^H 

Perimeter,  628- 

Pualule,  mnligiiant,  on  lid,  220.                   ^^H 

Perineuritis,  484. 

^H 

Periosteal  extirpation  of  orbital  cun- 

tenU.  201. 

Kange  of  accommodation,  16.                       ^^^| 

Poriolomy,  207. 

determining,  2S.                                      ^^^| 

Peripheral  linear  incision,  875. 

Heclinatios,  870.                                             ^^H 

Pcriscupic  glasses,  89. 

HoQcx  from  retina,  412.                                  ^^H 

Perivascular  neurili*,  474. 

Refraction,  anomalies  of,  11.                        ^^^| 

Pblyclwnuire  conjunclivie,  281>. 

different  in  two  eyes,  74.                         ^^H 

■             oorneie,  292. 

ophthalni'Mcopie  diagnosis,  116.            ^^H 

^H 
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Relative  range  of  accommodation,  16. 

in  myopia,  42. 
Retina,  oystoid  bodies  in,  446. 

detachment,  47,  441,  616,  517. 

embolism,  422. 

hemorrhage  in,  455. 

hypersemia,  440. 

inflammation,  459. 

medullary  sheaths,  489. 

cedema  of,  425,  446. 

opacity  of,  412. 

pigmentation  of,  447. 

reflex  from,  41S. 

rupture  of,  443. 

vessels  of,  409,  489. 
Retinal  image  suppressed,  48,  167. 
Retinitis,  459. 

albuminuriea,  465. 

anatomical  changes,  470. 

hemorrhagica,  463. 

leucsemica,  467. 

nyctalopica,  468. 

of  Bright's  disease,  470. 

of  macula  lutea,  469. 

pigmentosa,  447. 

septica,  462. 

syphilitica,  463. 
Retrobulbar  neuritis,  193,482. 
Rheumatic  paralysis,  139. 

S. 

Sarcoma  of  choroid,  435. 
School  furniture,  40,  48. 
Sclera,  rupture,  390. 
Scleral  stripe,  119. 
Scleritis,  326. 
Sclerotico-choroiditis,  41. 
Scorbutus  and  hemeralo|)ia,  531. 
Scotoma,  46,  635. 
Scrofula  and  keratitis,  294. 
Seborrhoja,  228. 
Snellen's  types,  28. 
Snow-blindness,  531. 
Spasm : 

of  accommodation,  52. 

of  ocular  muscles,  148. 
Spectacles,  28,  87. 


Spectacles,  bifL>cal,  90. 

blue,  28. 

protective,  94. 
Spherical  lenses,  87. 
Spinal  disease  and  blindness,  538. 
Squinting  angle,  154. 
Staphyloma  cornete,  309,  816. 

posticum,  88,  46,  328. 

sclerffi,  328. 
Staphylomatous  cicatrices,  809. 
Stauungspapille,  478. 
Stenopaic  apparatus,  69,  94,  813. 
Stereoscope   in   amaurosis   simulata, 
546. 

in  strabismus,  169. 
Stereoscopic  imi^e,  118. 
Stokes'  lens,  73. 
Strabismus,  149. 

apparent,  126. 

causes  of,  150. 

convergens,  149. 

convergens  aiternans,  164. 

convergens,  periodic,  156. 

divergens,  76,  166. 

divergens  aiternans,  76. 

divergens,  relative,  76. 

dynamic,  169. 

operation  for,  144,  174. 

paralytic,  138,  153. 

upward  or  downward,  173. 
Strabometer,  166. 
Stricture  of  nasal  duct,  208. 
Strychnine  in  amaurosis,  545. 
Stye,  221. 

Style  for  nasal  duct,  216. 
Suppression  of  retinal  images,  43, 1 57. 
Symblepharon,  244,  285. 
Symmetry  of  retinse,  157. 
Sympathetic  aff'ections,  230,  845. 
Syndectomy,  297. 
Synechia;,  anterior,  309. 

posterior,  333. 


Tarsal  glands,  219,  222. 
Tarsorrajthy,  235. 
Telangiectasia  of  lids,  227. 
Temporal  hcmiopic  defects,  641. 
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Tenon'B  capsule,  inflammation  of,  198. 
Tenotomy,  61,  144,  174. 
Tension,  intraocular,  607. 
Test  totters,  28. 

lines,  astigmatism,  68. 
Testing  vision,  862. 
Thrombus  of  vena  ophthalmtca,  199. 
Tonometer,  607. 
Torpor  retime,  447,  629. 
Trachoma,  267,  275. 
Transplanted  skin,  249. 
Trichiasis.  289,  278. 
Tubercle  in  chiasm,  589. 
Tumors,  conjunctival,  288. 

corneal,  324. 

gummy,  340. 

intraocular,  329,  435,  494. 

intraorbiul,  199,  412. 

of  iris,  363. 

u. 

Ulcers  of  cornea,  197,  260,  808. 

of  lids,  218,  227. 
Ulcus  corneae  serpens,  802. 
Unguis,  300. 
Upright  image,  96. 
Urgemic  amaurosis,  467. 

V. 

■Varicosity  of  orbital  veins,  199. 
Vascularization  of  cornea,  297. 


Vesicles  of.  cornea,  819. 
Vesicular  granulations,  272. 
Virtual  image,  16. 
Vision,  acuity  of,  28. 

angle  of,  102. 

empirical  theory,  168,  188. 

line  of,  42. 

testing,  28,  862. 
Visual  fleld,  626. 
Visual-fleld  amblyopia,  534. 
Vitiligoidea  of  lids,  228. 
Vitreous,  detachment,  398. 

hemorrhage  into,  897. 

liquefaction,  898. 

opacity,  894. 

ossification,  896. 

vascularization,  898. 

W. 

Weber's  knife,  207. 
Wecker's  scissors,  814. 
"Wounds  of  cornea,  321. 

X. 

Xanthelasma  of  lids,  228. 
Xerosis,  278,  808. 

Z. 

Zoster  ophthalmicus,  224. 


ERRATA. 

Page  78,  line  10,  for  "  myopia"  read  '*  micropia." 

Page  78,  line  8  of  the  foot-note,  lor  "  physicul"  read  "  psychical." 

Page  137,  line  32,  for;*' early"  read  "clearly." 

Page  156,  line  12,  for  "  lachrymalis"  read  "  lacrymale." 

Page  269,  line  1,  for  "  lachrymal"  read  "  nasal." 

Page  318,  line  19,  for  •'  in"  read  "  into." 

Page  477,  line  16,  for  "194''  read  "  199." 
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AONEW. — Iland-book  of  Practical  ADOtomj.  B;  D.  IIates  Aokbv, 
M.D.  AVith  Illustrations.  Second  edition,  reriaed.  12mo.  Cloth. 
$100. 

——The  Principles  and  Practice  of  Surgery.  Being  a  Treatise  on 
Sureicol  Dincaaes  and  Injuries.  By  l>.  Ilxres  Acnbw,  M.D.,  LL.D.t 
Prolessor  of  Surgerv  in  the  Medicwl  Department  of  the  University 
of  PennsyWftuia-  Profusely  Illustrated  with  Engravings.  2  Tola. 
8to.    Vol.  I.    Cloth,  $7.50.     Sheep,  $8.50.    - 

AITKEK. — Outlines  of  the  Science  and  Practioe  of  Medicine.     By 
William  Aitken,  M.D.  (Edin.),  F.R.S.,  Professor  of  Pathology  in 
the  Army  Medical  School ;  Corresponding  Member  of  the  Imperial 
Society  of  Phymcians  of  Vienna,  eUX     8vo.     Cloth.     $5.(X). 
"  Tb«  book  OADoat  fail  to  beoome  a  [KipDlax  one,  and  wa  eordiallj  recommeDd 

II  to  tb«  DoUee  of  l«acbtn  aod  itadroti.  — Lomtton  Lancet. 

"It  ia,  we  beliove,  dcctlocd  to  si  great  a  populu-Ujp  as  tho  larger  workt  of  th« 

■aaa  aotbor.     It  ii  well  digested,  clear,  well  writteo,  aod  the  work  of  a  mao 

who  ii  ooDTcraaiit  witb  erer;  detail  of  hta  aubjeot,  aod  a  tborougb  matter  of  tbe 

art  of  Uimohiag/'—Britiih  Med.  Jourmal. 

ALLEN. — Oatlinea  of  Comparative  Anatomy  and  3Iedioal  Zoology. 
By  Uariu5DN  Allkn,  M.D.     Second  edition.     8yo.     Cloth,     $2.00. 

Studies  in  the  Facial  Region.  By  U&kkison  Allz.v,  M.D.  Illus- 
trated.   8to.    Cloth.    $2.00. 

ANSTIE. — Notei  on  Epidemics.  For  the  Uxe  of  the  Public.  By 
Francis  E.  Anstii,  M.D.  Edited,  with  American  Notes,  by 
William  A.  Hammond,  M.D,     12mo.    Cloth.    76  cts, 

AUTU  UK.— Treatment  and  Prevention  of  Decay  of  the  Teeth.  By 
Robert  AarouB,  M.D.,  D.D.S.     Illustrated.     16mo.     Cloth.     $1.2^ 
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A8HHUR8T.— Ou  Injuries  of  tLa  Spine.  Uioir  Patholocr  and  TtwI- 
Dicnt.    Uy  JoBN  AsuuuRST,  Jk.,  A.M.,  M.D.    I2mo.     Cloth.    $1.50. 

ATIEE. — Oeueml  and  DtOerontial  Diu^nosiH  uf  Oroi-ian  Tumors;,  with 
Speoioi  Reference  to  the  Opcrmtion  of  OvAriotonkV.     By  WASUiMOTOS 
L.  Atuie,  M.D.     Illustrated.     8to.     Cloth.     $A.OO. 
"  Aa  regRrdi  mfttt«r,  from  titlc-iiage  to  eoloiihoOf  we  hnvt  hardly  turucKl  m  lem/ 

ifithoat  Boding  aooietbiDg  a««r,  »ouiotbiug  intcreitiugj  Bomething  or  vaJue."— 

PUita.  J/cd.  Timtt. 

Abdoiiitnal  and  Pelvic  Tuimirtt  in  the  Female.     Their  Patholo^jy, 

Treatment,  etc     Bv  Wa^iiinoton   L.  Ati.eb,  M.D.,  and  TbomaS  M. 
Dry&oale,  M.D.     tV^itb  Illustrations.     8vo. 

BANTING.— A  Locturo  on  Cornnlenco.  Addreswd  to  the  Publie. 
Ki;^lith  edition.     By  William  Banting.     tSmo.     Paper.     25  cents. 

BARTHOLOW.— A  Manual  of  Dypodcrmic  Medication.  By  Roberts 
Bartuolow,  A.m.,  M.D.  Third  Bdition,  revued  and  enlarged. 
Illustrated.     12uio.     Cluth.     $1.50. 

BATTDITY. — Lectores  on  Diseases  of  the  Nervous  Syslein.    By  Jekokb 
K.  Bauclt,  M.D.    8ro.     Bxtnclotti.    $4.00. 

BECK. — Beck's  Medical  Jurisprudence.  Elementa  of  Mcdioal  Juris- 
prudence. Bv  T.  K.  and  J.  B.  Beck,  M.D.  With  Notes  by  an  As- 
sociation of  the  Friends  of  the  Dr^.  Beck.  New  and  thoroughly 
revised  t>dilion,  with  Additions,  by  Dr.  Cbas.  U.  Porter.  2  to1«. 
8vo.     In  press. 

BENNETT.— Text-Bopk  of  Physiology:  General,  Special,  and  Prae 
ti«;al.  By  Joein  UcoaEs  Bennett.  M.D..  F.R.S.E.,  Professor  of  the 
Iiisiitiites  of  Medicine  or  PhyHlologj,  and  Senior  Professor  of  Clinical 
Medicine  In  the  University  of  Edinburgh.  Illustrated.  Crown  Svo. 
Cloth.     $3.00. 

"  U  ifl  andoubLcJIj  a  work  of  grtat  Talttt,  and  will  bo  bigbl;  sppreoUtod  hj 
all  itudanU." — Paci^c  Mtd.  and  Surif.  Journal. 

'*  Fur  a  ooiupaat,  highly  ficieiitiGo,  and  complet*  toxt'book  or  physiology,  we 
bare  met  do  superior  to  this  work  of  i'rof.  Booovtt't.  Jlis  «xpcricQ|f«  of  olgb 
tbirty-fiv«  yflara  as  a  teaabnr  and  practical  worker  io  tbo  deparuaont  randort 
him  a  matter  of  itiitrtictioD."— '/'AiYa.  U<J.  nnii  Surg.  Kcporttr, 

BERNARD  and  ROBIN.— Notes  on  M.  Claude  Bernard's  Lectures 
oil  the  Bloud,  and  of  M.  Charles  Robin's  Lectures  on  the  Minute 
AnatomY  of  the  Blood,  and  conoeminjr  Circulation.  By  Walter  F. 
Atlee,  M.D.,  Philadelphia.     l2mo.     Cloth.     75  cents. 

BLACK.— The  Ten  Laws  of  ITe&lth ;  or,  How  Disease  is  Prodncad 
aod  can  be  Cured.     By  J.  R.  Black,  M.D.     I2mo.    Cloth.    $1.75. 

CALKINS- — Opium  and  the  Opiutn-Appetite :  with  Notices  of  Aloo- 
hnlic  Beverages,  Cannabis  Indlca,  Tobacco  and  Coca,  and  Tea  and 
Coffee,  in  their  Hygienic  aspects  and  Pathological  Kclationi.  By 
Alokzo  Caikins,  M.D.     12mo.    Cloth.    $1.50. 
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CAHFBELL. — EBsays   on   the   Secretory  and   the   Excito-Socretorj 
hyulfin  of  NorvM,  in  tlieJr  Kelation  to  Phyniology        -   -    ■    - 


By  IUnrv  FttASER  Ci.MPUELt,  A.M.,  M.L).     8vo. 


and  Pathology. 
CloUi.     $1.50. 


CHAPMAN.— Diarrhoea  and  Cholera:  Their  Origin,  ProximaU 
Cause,  and  Cure  through  the  Agency  of  the  Nervous  System  by 
Moans  of  Ice.  By  John  CaAPMAN,  M.D.,  etc.  IGmo.  Paper. 
'2b  conta, 

•  .—•Diarrhoea  and  Cholera:  Their  Nature,  Orijiin,  and  Treatment 
tliroiigh  the  Agency  of  the  Kcrrous  SvHtem.  By  Juun  Cuahuan, 
M.D.,  etc.     Second  edition.     8vo.     Clot^.     $3.75. 

CHAVA88E.— Advice  to  a  Wife  on  the  Management  of  her  own 
Ilrntih;  and  on  the  Treatment  of  some  of  the  Ooinnlaints  incidental 
to  Fre^nancv.  Lalwr,  and  Suckling;.  By  Ptb  Iienkt  Cuatasab, 
F.K.C.S.     Tfiirteenth  edition.     12mo.     Cloth.     (1.50.  J 

"A  litUo  book  $0  wall  kaowa  and  Apitreeiated  bj  Ihc  pablio  u  not  to  Maiid  IinH 

oecil  of  may  ruTlb«r  uiitunce  oo  our  put  th&n  the  AnDouac«iiiBDi  of  a  new 

edllloo."- — Lt/ndon  £.anc*t. 

Advice  and   Counsel  to  a  Mother   on    the   Mana^rement  of  her 

Children.     Ninth   edition,  greatlv  enlarged.     By  Prs  ilKNKr  Cha- 
TAWX.F.R.C.S.     2  vols,  inone.  *I2ino.     Cloth.     $1.60. 

COOUST. — Hand-book  of  Compound  Medicines ;  or,  The  Preecriber'a 
and  Dispenser's  Vade-Meoum.  By  Akhold  J.  Coolbt.  12mo. 
Olotli  extra.    $1.25. 

COFEMAN. — Cerebral  Affections  of  Infancy.  A  report  on  the  Cere- 
briil  Affections  of  Infancy,  with  a  few  Comment.'*  and  Practical  Ro- 
murks.  By  EnwARDCoPBWAN.M.D.,  Senior  Physician  to  the  Norfolk 
and  Norwich  Ilospitalfl.     12mo.     Extra  cloth.     $2.00. 

DA  COSTA. — Medical  Dia^osis,  with  Special  Rcferenco  to  Practiea) 
Medicine.  A  Guide  to  the  Knowlcdfro  and  Discrimination  of  Dinensea. 
By  J-  M.  Da  Costa,  M.D.,  Lecturer  on  Clinical  Medicine,  and 
Physician  to  the  Pennsylvania  Hospital;  Fellow  of  the  Colle;:e  of 
Physicians  of  Philadelphia,  etc.,  etc.  Illustrated  with  nninerouf 
Engravings.  Fourth  edition.  8vo.  Cloth,  Jki.UO.  Sheep,  $7.00. 
'*Da  Costat'i  work  ii  well  known  sod  highlr  and  juMir  esteemed  in  EiiglADd 
u  Id  Amsrioa-  It  li  too  (trml;  Mtabliabed,  anil  its  Tnlun  too  lhorou|[bIj-  rtxMig- 
oiied,  to  n««d  a  word  pro  or  ct.ii." — London  iltd,  Timem  onri   Oatrilt. 

"Tbc  book  bufore  u  ii  Ibo  work  of  iha  first  disguuilieiaii  lo  America.  It  it 
ttaebMl  book  OD  diaxQOiU  extACt." — Tht  Amrr.  pracliliuuor. 
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BDBeual  v%fc,  clrsroets,  sod  fiaisb.  To  digest  oud  iiifmoriie  tbe  matter  of  all 
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Harvey  and  His  Discovery.     By  J.  M.  Da  Costa,  M.D..  Profcsaor 

of  Practice  of  Mediciue  in  Jefferson  College.     12mo.    Extra  cloth. 

75  cents. 
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DAHOK.— The  Xearuseeof  theSkin:  their  Pnthologj  and  TrcatmeoL 
liv  UoWARto  F.  Camox,  A.m.,  M.a    8?o.    Clwtb.    %.'2syo. 

' The  Structural  Leuons  of  the  Skin :  their  Pathology  and  Trcfttmenl. 

Illustrated.     By  UowiRD  F.  Damon,  A.M.,  M.D.     Cloth.     $3.00. 

DBASJS.— A  Sv»tein»tio  TreatiM:  Hiettorical,  Etiological,  and  Prao- 
tieal,  of  the  I^riocipal  Disea^-e  of  the  Interior  Vallcr  of  North 
America,  as  thej  appear  in  the  Gaucaniaii,  African,  Indian,  and 
iCsquimaax  Varietiea.  By  Daxiel  Dkakb,  M.D.  Kdited  by  S.  Han- 
Doar  SxiTU,  M.D.,  and  Framcis  G.  Smito,  M.D.    8to.    Sheep. 

DUHKIHG.— Atlas  of  Skio  DiBeasss.    By  Lovib  A.  DirHanro,  M.D. 

Quarto.    To  1>e  published  in  Ten  Parts,  each  containing  Four  Plates. 
With  Deecriptive  Text     Each  $2.50. 

A  Practical  Treatise  on  Diseases  of  the  Skin.    By  L.  A.  DcjBRuro, 

M.D.     Illustrated.     8vo.     Cloth,  $5.00. 

"  W«  muflt  coDgrm.tu1at«  Dr.  Duhriog  on  ha-viD);  produoed  >  tboroujlily  work- 
manlike, pnujtical,  ftod  cotnprebeniir*  troatiie  which  caaooL  fail  to  ioarckM  his 
repulalioo  as  a  dermatologist,  both  la  Ch«  United  States  aad  la  Oreat  Britain."— 
LvHiivH  Msdicat  TimM  and  Qatttt*. 

"It  is  the  best  work  on  the  topio,  in  our  opinion,  In  ths  Inngnage;  and  to  tba 
Ana«riean  pbyiticiao  decervas  to  supersede  all  others. " — Phxladttpkia  Mtdical 
aftd  Sitryicat  Rtportv. 

DTTTCHER.— Pulmonary  Tuberculosis.  It«  Pathology,  Nature,  Srmp- 
touis,  DiagnoBia,  Proenosis,  Causes,  Ilygiene,  ana  Medical  Tree^ 
ment.  By  Addison  P.  Dutcoer,  M.D.  Illustrated.  Crown  8vo. 
Extra  cloth.     $3.00. 

"  Fen  men  in  our  oountr;  hare  given  the  subject  under  oonsideration  mor* 
thought  than  Dr.  T)ui:cb«r,  aad  his  experieno*  baa  b«en  ample.  While  we  object 
to  portions  of  the  treatment  recommended  in  the  book,  wa  are  bound  to  gire  the 
luilhor  credit  for  furnishioK  (be  profeuion  wilb  one  of  tba  best,  If  not  the  vor; 
l>eot,  work  extant  on  this  subject."— iSl.  Loutt  Amer.  Mtd.  Jonrnnl, 

EBEKLE  and  MITCHELL.— A  Treatise  on  the  Diseases  and  Phys- 
ical Education  of  Children.  By  John  Kberle,  M.D.,  late  Profossor'of 
the  Theory  and  Practice  of  Medicine  in  TrannyWania  Universi^. 
Fourth  edition.  With  Notes  and  targo  Additions.  By  Tbokas  D. 
MiTcnELL,  A.M.,  M.D.     8to.     Sheep.     $3.50. 

EVE.— A  Collection  of  Remarkable  Cases  in  Surgery.  By  Paul  F. 
EvR,  M.D.     Sheep.    $5.00. 

EYS.E. — The  Stomach  and  its  Difficulties.  By  Sir  Jahss  Etre,  M.D 
Sixth  edition.     16mo.     Cloth.     50  cents. 

FARABEITF. — Ligation   of  Arteries.     An   OperatiTe   Manual.     By 

Dr.  L.  II.  Farabecf.    With  Forty-three  fine  Engravings.    Translated 

by  JonN  D.  Jackson,  M.D.     12tnc).     Cloth  limp,  red  edges.     $1.75. 

"The  trantlfttor  has  done  a  good  serrioe  In  placing  this  nseftil  llttta  work 

before  the  profeMion  In  exoellcnt  Engliih.     As  a  manual  or  handbook  of  iba 

ligotian  of  arteries  the  work  admiraljl;  fulfills  the  purpu«e  of  its  author.       The 

descriptiuDs  of  the  rarious  operations  are  so  clear  and   full  as  in  render  tka 

manual  one  of  muob  praotioal  ralue." — VtT.  Y.  Med.  JoumaL 
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6AEEEXS0K.— A  System  of  Oral  Surf^drr  :  bein^  a  coosideralion  of 
the  iiirieufica  and  Surgery  of  the  Mouth,  JftWA,  and  AMOciato  Pal-tn. 
By  Jaubs  E,  Garketson,  M.D.,  D.D.S.,  late  Lecturer  on  Anatomy 
and  Surgery  id  llie  I'hiladelphin  School  of  Auatouy,  eto.  HIua- 
traled  with  Steel  Plates  and  nunierona  Wofxl-cuts.  New  aod  en- 
largrd  edition.  8vo.  Eitra  cloth,  $10.00.  Sheep,  $1 1.CK). 
**  For  accuratfl  deioriptioa,  tkUlfal  ftmiii|;«meat(  and  tboroughneM  or  dotAtl, 

It  bat  no  eoual.     Ai  a  text-book  for  tbs  meobaaleal  and  lurgicaJ  dooList,  it  ii 

inraliiabte.-^— A'.  Y.  Jferf.  /ir«H>rrf. 
'*  A  glanofl  at  the  bo«dliijs  of  the  ^bapteri  of  tbU  work  will  abandaiKlj  coa- 

IIDM  tbs  reader  of   Ibe  great  iuipurtAnDe  uf  tbe  Mreral  nibjecta  treated,  and 

reading  of  the  text  will  demooalmto  tbut  the  autbur  hu  aoeompliabed  tbe  taik 

propoMd  with  oonetuoEQaio  ability  aud  fidelity." — CAtcoyo  HtA.  Jowmvtl, 
**Tben  ii  no  work  of  the  kind  whioh  bean  compariioa  with  it." — Pae^ 

Mrd.  and  Surtf.  Journal. 

GERHARD.—The  Diaenoeiu,  Pathology,  and  Treatment  of  the  Dis- 
eases) «jf  tiie  Che«t.  By  W.  W.  Okruarp,  M.D.  Fourth  edition. 
Kovincd  and  enlarged.     8vd.     Sheep.     $2.00. 

Q£TCH£LL.— The  Maternal  Manafietuent  of  Infancy,  For  the  Use 
of  Pareota.     By  F.  II.  Getcubix,  M.D.     18mo.     Clotti.     80  cent*. 

GORTOK.— Mental  Ilyi:icne.  An  Esuay  on  the  Princinlra  of  Meutal 
Hygiene.     By  D.  A.  Gorton,  M.D.     12diq.     Clotb.     |l.75. 

The  Drifl  of  Medical  PhiloMphy,    An  Essay.    By  D.  A.  GoKtoic, 

M.D.     12mo.     Cloth,  limp,  7.^  centa.     Paper  ooyer,  60  cento. 

GROSS. — A  Manual  of  Military  Surceryj  or,  Hints  on  the  Emergen- 
cies of  Field,  Camp,  and  Hospital  Pradtoe.  I]laBtrtite<l  with  W-od- 
cuta.    By  S.  D.  Gross,  M.D.    ISmo.    Cloth.    63  cents. 

HAHHOND. — Lectures  on   Venereal  Diseasea.      By  WrLLtan   A. 

Hammo.vd,  M.D.     8vo.     Cloth.     $2.00 
Mititury,  Medical,  and  Surf^ical  Emrs.      Prepared  for  the  United 

States    Sanitarr  Commissiou.     By   WiLLiaii    A.    Hauhond,   M-D. 

8to.    Cloth.    t5.00. 
Physiolo^Mcal  Memoirs.     By  Wiluah  A.  Hahkomd,  H.D.    8to. 

Cloth.    $2.00. 
— ^Sleep  and  its  Derangements.     By  William  A.  Hahhoki>,  M.D. 

SeoODQ  edition,  revised.     12mo.     Cloth.     $1.75. 

"  Wbeo  the  original  mooograpb  appeared,  It  recelred  onrearefol  attention  and 
•ommeDdaliun ;  and  now  we  bare  oaly  to  repeat  our  good  words,  aod  expreia 
our  gratification  tbat  tbe  work  boj  undergone  such  earsfnl  reviilon."— (VHcin. 
HHti  Laucel  anti  Obstrptr, 

HARTSHORNE.— Cholera:  Facts  and  Conclusions  as  to  its  Natare, 
Preveution,  and  Treatment.  By  IIbnrv  Habtsoohmb,  A.M.*  M.D< 
18mo.    Paper  cover.    25  cents. 

The  Family  Adfipcr  and  Guide  to  the  Medicine  Chest.    A  concJsB 

Handbook  of  Domcstio  Medicine.  Revised  and  enlarged.  By 
Ilr.NRr  IIartsuornr,  A.M.,  M.D.     ISmo.     Cloth.     75  centa. 

Glvcerin  and  its  Usca.     A  Mono^aph.     By  Uxnbt  llARTasoEmt, 

A.Mr.  M.D.     18mo.     Cloth.     00  cents. 
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HANCE. — The  Physician's  Medical  Coni[>cnd  and  Pbariuaceutiaai 
Foruultf.  By  Kdward  II.  Uakcx.  16mo.  Tack.  $1.50.  12mo. 
Cloth.    $1.00. 

HAND-BOOK  OF  NTTHSniG.— For  Fwiiily  nnd  Genera!  Use.  Pub- 
iinlicH  under  the  aiiHpiceM  of  the  Connecticut  Traioing  School  for 
N'urses,  Stnt«  Hospitul,  New  Haren,  Connecticut.  I2rao.  Extra 
cloth.   JI.25. 

HOPFE. — On  Percussion  and  Auscujtation  an  Diagnostic  Aide.  Bj 
Dr.  Carl  Hoppe.  A  Monual  for  Studeota  aud  PrnuHtiunora  oT 
Mediciue.    Translated  by  h.  C,  Lake,  MJ).   12uio.  Cloth,  60  oenta 

HOBKEH.— The  United  States  Dissector:  Lessons  in  Practical  Anai- 
oniy.  Uy  William  E.  Hornbr,  M.D.  Illustrated  witli  177  Wood 
EnfirtivingB.  Fifth  edition,  carefully  revised  and  entirely  remodeled. 
By  Henry  H.  Smith,  M.D.     12iao.     Sheep.     $2.(J0. 

KEEB*. — Early  History  of  Practical  Anatomy.  Being  the  Introductory 
AddrcMs  to  the  Course  of  Lectures  on  Aimtomy  at  the  Philadelphia 
School  of  Anatomy.  By  Williau  W.  Kjekm,  M.D.  Cloth  limp, 
60  ceuls.     Pufver  cover,  25  cents. 

KLEIN  and  SMITH.— Atlas  of  Hisiolo^.  By  E.  Klbin,  M.D., 
F.K.8.,aiJii  K.  Nohlb  Smith.  L.R.C.P.,M.ft.C.S.  To  he  completed  in 
Ten  or  Twelve  iMonthly  Parts.  Royal  Qunrto.  Containing  between 
Forty  and  Fifty  choice  full-page  Colored  Plates,  with  Explanatory 
Text.     Prico  per  Part,  $1.75. 

KOLLIEER. — A  Manual  of  Human  Microscopical  Anatniny.  By 
A.  KOlliker,  Professor  of  Anatomy  ami  Phytiiolngr  in  Wlirzhurg. 
Traimlated  by  George  Basx.  F.R.S.,  and  Thomas  "Ul-ilkv,  F.R.S. 
Edited,  with  Noiea  ami  Additions,  by  J.  M.  Da  Costa,  M.D.,  ocd 
illustrated  with  over  300  Wood  Enjiravinga.  8vo.  Sheep.  $2.1MI. 
"Tbft  r«putatioa  of  Professor  Kbtlikorwill  ba  csfaanotd  b^  tbta  text-book;  for 
•aeb  it  la  aosliDed  Ut  b«  pra-emiueotljr.  Wa  ootntuciiU  It  to  tbs  prufuiiua,  aad 
to  Btudeuts  efpeoLall;,  as  wortb;  of  tboir  patrons^.".— iS^.   Y.  Steti.  GaMttle. 

LEE.— The  Correct  Principles  of  Treatment  for  Anculnr  Curvature  of 
the  Spine.  By  Benjamin  Lbb,  A.M.,  M.D.  lUuitrated.  Second 
edition.     12mo.     Cloth.     $1.00. 

LEIDY. — An  E1(>montary  Troatise  on  Human  Anatomy.  By  Joscrs 
Leidv,  M.D.     New  edition.     In  press. 

XACLEOD.— Noras  on  the  Sur^ry  of  the  War  in  the  Crimea.    With 
Kenmrks  on  the  Treatment  of  Gunshot  Wounds.     By  Qeorox  H.  B. 
Macleod,  M.D.,  F.R.C.S.     l2mo.     Cloth.     $1.50. 
**  I  rfrgard  it  ni  ooe  of  the  beat  of  the  modem  wurka  oo  tnilitary  surgery.     Its 

pabliiiRttoD   at   the  prea«Dl  tsumcDt  is  a  raluablo  eontributloo   for  our  ami; 

aurgFona,  all  of  wbam  ehoold  bare  iL" — Uknrv  H.  Surra,  Surgeon' Otntral  ttf 

Ptmntjftvania. 

MALGAIQlfE.— A  Treatise  on  Practuree.  With  106  llluslrations. 
By  J.  F.  Malgaigne.  Alembre  do  rAcad£mie  Royole  de  M6ducine. 
Translated  from  the  French,  with  Notes  and  Additions,  by  John  U. 
Packard,  M.D.     8vo.     Sheep.    $2.00. 
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McCLEUjAN.— The  Princtples  and  Prftcttc«  of  Sureery.     By  the 
lat«  Gkorqb  McClcllan,  M.O.,  and  Jobn  H.  B.  McCul!.*}?,  M.D. 
With  IIlastrationB.     Demi  8vo.     Sheep.    $2.00. 
"  The  work  ia  worthy  of  rtrong  eommoDdation."— ^.  Y.  Ntw  Hrm^titm, 
"  Contaioing  maob  ralanble  infortnalioo." — P»\e\fie  Med.  nati  Sury.  Jo*irn»l, 
"  Tbo  Tcr;  b«it  work  for  praotitlooon  befor*  the  proftMion."—  Otorgia  AM. 

i'umjtiiniom. 

MEDICAL  TIKES.— A  Bi-weefcW  Journal  of  Medical  and  Surgio&t 
Science.  VoU.  I.,  II  III.,  IV.,  V.,  VI.,  and  YH.  Imperial  8to. 
Fine  cloth.     Each  $5.00.     Annual  Bubscriptioo,  $4.00. 

MEREDITH.— The  Teeth,  and  How  to  Save  Thorn.  By  L.  P.  Merib. 
Dim,  M.D..  D.D.S.     Illustmted.     I6mo.     Cloth.    $1.2>. 

HITCHELLi — Five  EssajA  on  the  Cryptogamous  Origin  of  Malarious 
and  Epidemic  FoTers ;  Animal  Magnetism,  or  Vital  Induction ;  the 
PenetrativenesB  of  Fluids ;  the  Penetrativenesa  of  Gases  ;  and  a  new 
Praciioe  in  Acute  and  Chronic  Uhenmntiiiim.  Bv  JotiN  KeAR.Hi.Er 
Mitch  R[.L,  M.D.,  lnt«  Professor  of  the  Practice  of  Medicine  in  Jeffer- 
son Mr.l)CA]  College  of  Philadelphia.     12mo.    Cloth.    $1.25. 

MITCHELL. — Injuries  of  the  Nerves,  and  their  Consequences.     By 

S.  Weir  Mitchell,  M.D.     8vo.     Cloth.     $3.00. 

"It  ii  oortalnlT  no*  of  tbn  moti  ralaabls  oootHbntloaa  to  modsm  oiMlloal 
•oicnes." — Paeijie  Mad.  Jtntnutt. 

"  Tbe  work  is  ariclvnllj  m  DOotribalion  of  grwi  vaiua  to  the  profeMioa.  Wb 
know  of  DO  other  in  the  English  Inneu&ge  si  once  lo  oomptetc,  so  original,  sod 

•O  reiidabl«."-^i>>fmtl  tttvitn  a/  Mtdieitt*  and  Sur^*iy. 

Wear  and  Tear;   or,  Hints   for  the  Overworked.     By  S.  Weir 

MiTCHBLL,  M.D.     15mo.     Paper,  30  cents.    Cloth,  50  cents. 

Fat  and  Blood,  and  How  to  Make  Them.    Second  Edition.    IGmo. 

Fine  cloth.     $1.25. 

Nurse  and  Patient,  and  Camp  Cure.    Two  Essays.    16mo.  Cloth 

limp.    50  centa. 

MITCHELL. — Mnterta  Medica  and  Therapeutics;  with  ample  Illus- 
trations  of  Practieo  in  alt  tho  Dopartinenta  of  Medical  Science,  and 
Copious  Notices  of  Toxicology.  The  whole  adapted  to  tho  wantjt  of 
MfHlical  Pupils  and  Practitioners.  By  Thomas  D.  Mitcuell,  M.|i. 
New  edition,  revised  and  c<irreated.     Svo.     Sheep.     $4.00. 

MORGAV, — Practical  Lessonn  in  the  Nature  and  Treatment  of  tlie 
Atfi'utions  pro<lueed  hy  the  Contagious  Diseases,  with  Chapters  on 
Syphilitic  Inoculation,  Infantile  Syphilis,  etc.  By  John  Mi^roan, 
M.D.  Sixty  Colored  and  Pl^n  Illustrations.  \'lmo.  Cloth  extra. 
$1.75. 

HORBIS.— A  Practical  Treatise  on  Shock  after  Surgical  Operations 
jintl  Injuries;  with  special  reference  to  Shr-ck  cnui«cd  by  Kaiiway 
Accidcnta-  By  Eowih  Morris,  M.D.,  F.R.C.S.  12mo.  Cloth. 
$1.25. 

MORTOIT.- .An  IllustTated  System  of  Human  Anatomy;  Special, 
lleiiLTol.  and  Microsc*ipioal.  By  the  late  Samcel  Gsoroe  Murtom, 
U.D.     With  391  Engrayings  on  Wood.     8yo.     Sheep.     $2.60. 
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NfiLATOK.— Olinical  Lectures  on  Surgery.  Bj  M.  NIlaton.  From 
Notes  taken  by  Waltsr  F.  Atlxz,  M7D.    Sto.    Sheep.    $3.00. 

NELI6AIT.— A  Treatise  on  Materia  Mcdica.  By  J.  M.  Nkuoah 
IJmo.     Cloth.     $2.00. 

PACKARD. — Lectures  on  InflammatJon.  By  Jotnr  H.  Packakd, 
M.i>.  Ui.'iiip  the  First  Course  delivorod  before  the  College  of  Pbysi- 
eioos  of  Phitudelphia,  under  the  Bequest  of  Dr.  Mutter.  12nio. 
Cloth.    $2.50. 

—A  Manual  of  Minor  Surgery.  By  Joiih  H.  Packard,  M.D.  IUub- 
tratcd  with  145  Wood  EngravingH.     12uio.     Cloth,  limp.     $1.25. 

Handbook  of  Operative  Surgery.     By  John  H.  Packard,  M.D., 

Secretary  of  the  College  of  Physicians  of  Philadelphia,  etc.  "With 
54  Steel  Plates  and  Xumerous  Illustrations  on  Wood.  8ro.  Extra 
Cloth,  $5.00.     Sheep.  $5.75. 

"lu  distiD^tshmg  fenlura  ii  Qbundant  iltiutntloo,  and  In  thifl  reffpMt  is 
UDeqaaled  hy  taj  handbook  with  wbloh  we  are  acquainted.  .  .  .  To 
itud«nta  and  pra«titlDD«ra  who  bare  not  tb«  fr«qu»at  opportunitj  of  witnearing 
practical  aarftcrj,  th«  toIuihq  beforo  us  will  proro  of  usqueationabli)  value."'— 
V.    r.  Mtti.  fUcord. 

PELOUZE  and  FREM7.— General  Notes  on  Chemistry.  Traos- 
lated  from  the  French  by  Edmund  C.  Etams,  M.D.  With  27  lUus- 
trations.     12nio.    Cloth.    $1 .75. 

PEPPER. — The  Climate  of  America.  Ite  Influence  in  Health  and 
Di.s«?UAe.  A  Practical  Guide  for  Physicians  and  Invalids.  Including 
an  account  of  the  Mineral  Springs  of  America.  By  Willuh  Pip- 
PER,  M.D.,  Profewsor  of  Clinical  Medicine  in  the  UniTcrsity  of  Penn- 
sylvania, etc.  Assisted  in  the  Section  on  Medical  Topography  by 
tfoiiK  M.  Kr.ATiNO,  M.D.,  Physician  to  the  Philadelphia  lIoApitAl,  etc. 

FHARHACOPCEIA  of  the  United  States  of  America,  Fifth  Decen- 
iiiali  Kfvision.  Published  by  authority  of  the  National  Convention 
for  Revising  tlie  Pharmaeopcein,  held  at  WaHbington  in  1870.  12mo. 
Cbth.  $1.75.     Sheep,  $2.25.     Sheep,  interleaved.  $3.25. 

POWER.— Anatomy  of  the  Arteries  of  the  Human  Body,  DescriptiTe 
and  Surgical,  with  the  Descriptive  Anatomy  of  the  UcarL  By  Johm 
Hatch  Poher,  M.D.     Hlaftratcd.     i2mo.     Cloth.    $2.50. 

RAKB.— Elements  of  Medical  Chemistry.  By  B.  Howard  Rand,  M.D.. 
Prof(!*aor  of  Chemistry  in  the  Jefferson  Medical  Cullege.  New 
edition,  carefully  revised,  with  Additions.  lUustrated.  12me. 
Cloth,  $2.00.     Sheep,  $2.50. 

READ, — Placenta  PrBSvia:  its  Ilistorr  and  Treatment.  By  WrLUAM 
KtAD,  M.D.    340  pp.    8vo.    Paper  cover.    $2.00. 

REEVES. — A  Practical  Treatise  on  Enteric  Fever:  its  DiagTiosis  and 
Treucaicnc:  Being  an  Analysis  of  one  hundred  and  thirty  cnnseou- 
tirc  Cues  derived  from  Private  Practice,  nnd  embracing  a  Partial 
nietory  of  the  Disease  in  Virginia.  By  Jahes  £.  Rurss,  M.D. 
12mo.    Cloth.    $1.00. 
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E£ESE.— A  Manu&l  of  Tozioologr.  A  Pra..'tical  Treatise  on  th* 
i'rupertiBs,  Modes  uf  Action,  and  Means  of  Detection  of  Poisons. 
By  John  J.  Kceae.  M.D.,  Professor  of  Medical  Jurii»prudcnc«  and 
Toxicologj  in  the  UuiTersitj  of  PennayWania.  8vo.  Cloth,  {5.00. 
Sheep,  $S:00. 

"Dr.  Rdoh'i  book  ehoold  be  itm  of  »  wclcom*  on  our  Ublot,  praeeotiaf,  at  it 
Aotm,  the  pnuticftl  euftotlali  or  tozioologj  io  a  eompact  and  kocwMible  form. 
Th«  seotiuDs  on  thorftpeutica  »re  briei^  but  tbo  lalest  diiooTerl«a  in  thct  line  of 
treatment  ot  fuitoainga  aro  carefuU;  giTen." — Am^.  Jomr.  ofiit  MmL  Sciene^M. 

RICHARDSON.— A  Handbook  of  Medical  Microscopy.  By  Josbpd 
G.  KicBARDSON,  M.D.,  Microeooptat  to  the  Pennsylvania  lla«pital ; 
Lecturer  on  Pathological  Anatomy  in  the  University  of  Ponusylvania, 
etc,  etc.  With  numerous  Illustrations.  I  vol.  12mo.  £xtTa 
cloth.  $2.25. 
"As  K  wbole,  wo  have  not  seen  a  work  of  its  lort  tbftt  io  oompletoQuu  lad 

|>raetIoftI  utilitj  e%n  rlrsi  it  or  comparo  with  it." — iV.  Y.  Mtd,  Record. 

"  Comprehrniiire  u  regards  Its  sobjeet-mattor,  ooaoiso  id  style,  oad  ezplleit  in 

•taUmvoL" — Oiicoyo  Utd.  Jovmat. 

RICHARDSOK. — Klementfl  of  Human  Anatomy:  General,  De8cnp> 
tivf,  and  Practical.  By  T.  0.  Richardson,  M.D.,  Professor  of 
Anatomy  in  the  Medical  Department  of  the  University  of  LouisiAna. 
Second  edition.  Carefully  rerised,  and  illostrated  with  nearly  300 
Engravings.     8to.     Sheep.     $6.00. 

KILET. — A  Oompend  of  Materia  Medica  and  Therapeatic«.  For  the 
Use  nf  Students.  Bt  Joun  C.  Riley.  A.M.,  M.D..  Proferaor  of 
Materia  Medica  arvd  'tli era peu tics  in  the  National  Medical  College, 
etc     8vo.     Cloth.     ^i.OO. 

'*  Prof.  Riley  biu  dono  bts  work  rery  wall.  .  .  .  Tho  dworiptJoaa  of  tho 
ruriotu  «rtiolM  of  the  Mutcrin  Modioa  aro  very  oonuiM  and  remu-kkbly  soou- 
rnle." — iV.   }'.  Med.  Joumnl. 

ROBERTS. — Para-'ontesis  of  tho  Pericardium.  A  Conftiderntion  of 
the  Sur^^iL'til  Treatment  of  Pericardial  Effusions.  By  Johk  B. 
Khberts,  A.m.,  M.D.,  Lecturer  on  Anatomy  in  the  Philadelphia 
School  of  Anatomy,  Ft^llow  uf  the  Philiulelphia  AcaileniT  of  8ui^ 
gery.     Hlustrated  by  Woodcuts.     870.     Extra  cloth.     $1.1^5. 

8AYRB. — Spinal  Disease  and  Spinal  Curvature.  Their  Treatment 
by  Suspeti!*iun,  and  the  U«e  of  the  Plaster-of-Paris  Bandage.  By 
Liwis  A.  S.\VHE,  M.D.  Handsomely  Hlufitrated  with  Twenty-one 
Photographs  from  Nature,  and  numerous  Woodcuts.     12mo.     Extra 

cloth.     §4.00. 

SCHWEIGGER.— Hand-Book  of  Ophthalmology.  By  Prof  C. 
SciiWEiiKiER.  of  tlie  Univernity  of  Berlin.  Tranelatcd  from  tlie 
Third  German  Edition,  by  Portxr  FARLtr,  M.D.  AVith  Diagrams 
and  other  Uluatrations.     ttvo.     Extra  cloth.    $4.50. 

8EAT0N. — A  Handbook  of  Vaccination :  Adapted  to  the  American 
Profession.     By  EowaRD  C.  Siatok,  M.D.,  Medical  Iniipector  Ut  th* 
Privy  Council,  I^ondon.     Illostrated.     Clotli.     $1.25. 
'*  Dr    Scatoo's  '  Uaodbook  of  Vseeiamtioa'  mij  be  rcKtrded  u  a  boOD  0(# 

•nly  ko  tbo  medical  profession^  bnt  to  the  public  at  large." — Saturday  Rfifm, 
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SHAW. — Odontalgia,  commuDlr  called  Toothache:  tta  Cau«M,  Pr» 
rention,  and  Onr«  By  S.  Pamons  Sbaw.  ]6mo.  Extra  oloth. 
$1.75. 

"  The  aDftion]ie&]  pointi  in  r«gmrd  to  the  itmotare  or  th«  l«etb  oaglit  to  bi 
TuDiliar  lo  erery  physioiao,  bui  it  will  not  hurt  to  remind  ofrwh;  wbile  lh< 
dtOerontioI  dia^^ocii  of  diflorenl  formi  of  toothaoba  and  tbe  ttroper  U'cattai.nt  it 
a  kaowledgo  with  whiob  pbjrMciaoB  are  oat  gcaenUIy  familiw." — Lanctt  amd 
Obamrv»r. 

SIAMESE  TWIK8.— Report  of  the  Autopery  of  tlie  SianieM  Twins, 
t4)geiher  with  other  information  concerning  their  Lifn.  Itimo 
PiipiT.     2o  ticnta. 

SIMPSON. — The  Ohstetrical  MemoirB  and  Contributions  of  Janoea  Y. 
Siinpoon,  M.D.,  F.R.S.E.,  Profwwor  of  Midwifery  in  the  University 
of  Edinburgh,  etc.  Edited  by  W.  0.  Priesti^t,  M.D.,  and  Horatio 
R.  Storck,  M.D.  With  lUuBtrationa.  Two  vols.  8to.  Cloth,  $7.50. 
Sheep,  $y.0(). 

SMITH. — The  Common  Nature  of  Epidemics,  and  their  Relation  b> 
Climate  and  Civilisation.  Also,  Kemarkaon  Contaj|cion  and  Quaran- 
tine. By  SouTuwooD  Smith,  M.D,,  Pfayeician  lo  the  London  Fever 
Hospital.  Edited  by  J.  Barer,  Esq.,  author  of  *'  Lawb  Relating  to 
Fubtio  lleiiltb,  Sanitary,  Medical,  and  ProtectiTe."  12mo,  Cloth. 
$1.50. 

STILLE. — Epidemic  or  Malignant  Cholera.  By  AuraKO  SriLLi,  M.D., 
Prol'esiior  ot  the  Theory  and  Practice  of  Medicine  in  tlte  University 
of  Pcnn?iylvania.     IBmo.     Paper  cover.    30  cents. 

8TE0MEYER  and  E8MAKCH.— Gunshot  FrnctureB  and  R««eo- 
ticn  in  (Jiai^bot  Injuries.  Bv  Dr.  Loots  STKOMKrER  and  Dr.  Fbikd- 
Kicu  KsuARCu.  Translated  by  S.  F.  Statuam.  12mo.  Cloth.  75 
cents. 

6YME.— Tho  Principtca  of  Surcory.  By  Jahis  Stub,  F.R.S.E., 
Siir^^on  in  Ordinary  to  Queen  Victoria,  in  Scotland.  To  which  are 
uppoudod  Treatises  on  the  Diseases  of  tiio  Rectum  ;  Stricture  of  the 
Urethra  mid  Fistuhi  in  Perineo:  The  Excision  uf  Diseased  Joiitt<)  ■, 
and  numor('U3  Adtiitional  Contributions  to  the  Patholo^  and  Prac- 
tice of  Surgery.  Edited  by  Donald  Maclean,  M.D.,  L.R.C.S.E. 
8vo.     Cloth,    izw. 

TANNER.— A  HandtMok  of  Practical  Midwiferr  and  Obstetrics  (In- 
cluding Anaestheticfl).  By  Jobn  Tanner.  M.D.,  M.A.,  LL.D., 
Member  of  tho  Ro^ol  College  of  Physicians-,  Obstetric  Physician  to 
the  Forringdon  Lymg-in  Charity  j  etc.,  etc.  With  150  IHustratiaas. 
16mo.  Fine  Cloth.  S2.00. 
'*  Clear  and  flxiiot,  profiiseljr  and  efoellently  illtutrst«d,  we  take  pleataro  in 

oommendiDg  ttiii  little  book  as  a  compaQJuD  botb  for  itadetita  and  'hutj  prao- 

tilioncn,'" — Chicago  Utd.  Jeumul, 

TAYLOR.— rnfantile  Paralysis,  and  its  Attendant  Deformities.  Bt 
Cbarles  Fatktte  Tavix>r.  M.D.,  Resident  Surgeon  Now  York 
Orthopedic  Dispensary.  Illustrated  with  numerous  EngraTings 
I'iaxo.     Paper  cover,  7*5  cents.     Cloth,  $1.00. 


OF  MEDICAL  AND  SUROiCAt  WORKS  W 


MAS.^A    ComprehenBive    Pronouncing    M^difftl    Dictionary  s 
Conlainini;  the  Ktymolo^  and  SipnificJition  of  tlie  IVrms  ina<lc  ase 


THOKAS. 


of  in  MfNlioiiiti  and  the  Kindred  Si-tciici!!*.  With  nn  ApTicndix  com- 
prising a  complete  list  of  all  the  more  imporliitit  urticles  of  tho 
Materia  Medico,  iirran^cd  accurdin;;  t<>  Uicir  uieilicinal  pn»pertic4. 
Alao  an  cxphinahoii  of  the  Latin  terms  and  phnifiea  occiirririt;  in 
Anatomv,  rharmacy,  etc.,  together  with  the  nccentiarj  diroctionit  for 
writing  Latin  prcscriptionR.  Bj  J.  Tuomas,  M.D.  Svo.  Ctotli, 
?3,25.     Sheep.  $3.75. 

TXIILKBULL  — A  Clinical  Manual  of  Diseases  of  the  Ear,  includiti; 

ilic  Anatomv,  Pliyniolo^jy.  Putholopy,  and  Treatment-    By  Laureni'K 

TuRNBLLL.  M.J».,  Physician  to  the  i*epartim*nt  of  the  Kye  and  Kar, 

Howard  Ilo><pitni,  Philadelphia.   8vo.   600  Pu^ic:*.    UV>  Iliustrfttions 

Extra  cloth.     $ri.OO. 

"  It  might  almoAt  bo  called  an  aural  voojolupodia." — Amtr.  Jour,  t(f  th*  UttL 
Sot  t  nets, 

"  Sound,  clear,  and  cmiaeatlj  praetical  in  all  it«  portJ." — Soattm  Mtd.  aud 
Surg.  Jourmal, 

"  Dr.  Turnliull  provca  himself  thoroughly  aoqaaiated  with  the  liieratore  of 
the  subject,  ntid  rtuplnya  it  Tory  promptly." — Sdunatitthri/t /Ut  OhrtuhtiUtundt, 
Berlin,  May,  1873. 

TYSON.— Practical  Histology.  An  Introduction  to  the  atudy  of  Prac- 
tical liistol'tfjy.  By  Jahss  Tvson,  M.D.  For  Beginners  in  Micro- 
Bcopy.  12mo.  Cloth,  $1.00.  Cloth,  inturlcared  with  blank  paper 
for  notes,  $1,50. 

"  It  would  be  dilBcult  lu  find  eliawbure  auch  a  aiinpto  atatemcnt  of  what  eu) 
be  done  bj  aaj  and  all  wbo  may  pOMcaf  erca  a  all^bt  active  interest  id  tb* 
■abjeot  of  biatolog;." — Battvn  Sttd.  and  .Viiry.  Jonrnnt, 

^Tmnsactiuii.t  of  the  Patholopcal  Society  of  Philadelphia.    Vol.  IV. 

Contaioin;;  the  Report  of  the  Proceedin;;^  for  the  Years  1871,  1872, 

1873.     £ditca  bv  Jauis  Tyson,  M.D.,  Recorder  of  the  Society.     lUus- 

Irated.     Svo.     Oloth.    $4.00. 

"  "By  pathological  (ludrnts  thia  will  b«  wsloomad  sa  aa  iiiTalitahle  addition  Co 
their  librariM,  aud  all  pbyaioiaDS  ought  to  be  atudcDti  of  pathology  to  a  certain 
extent,  tt  nill  throw  light  ou  mimy  obacuritict  in  practice." — f^hita.  M<d.  and 
Svrg.  Reporter. 

\I700D. — A  Treatise  on  the  Practice  of  Medicine.  By  Qroxoi  B. 
Wood,  M.D.,  LL.D.  Sixth  edition.  2  rols.  Thick  8to.  Cloth, 
$5.00.     Sheep,  $<5..W. 

— — A  Treatise  on  Therapeatica  and  Pharmacology,  or  Materia  Medica. 
By  (iKORGE  B.  Woon,  M.D.,  LL.D.  Thin)  edition.  8to.  Cloth, 
$y.O0.     Sheep,  §10.00. 

Introductory  Lectured  and  Addresses  on  Medical  SuhjeotH.  De- 
livered chiefly  before  tlie  Medical  Classes  of  the  Uniferelty  of  Penn* 
Bylvan!:i.  6v  Oeoror  B.  Wood,  M.D.,  LL.D.  Second  edition.  8ru. 
Oloth.    $3.0t). 

WOOD  and  BACHE.— The  DiHiicnBatory  of  the  United  States  of 
AmcriL-a.  Ily  Oelhoe  B.  Woon,  M.D.,  and  Franklin  Bacbe,  M.D 
Fourteenth  edition,  carefully  revised.     Large  8to.     Sheep.     $7.50. 
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WOOD. — Treatbe  on  Thernpeutics.  Comprising  Muteria  Modica  and 
Toxioolopy,  with  ERpeoto]  lloferenco  to  llio  Ajipliciaion  of  ilie  PIithi- 
olopical  Action  of  Drags  to  CliniL-a1  MedictDe.     By  U.  C.  Woon,  Jr., 

M.D.      Third   £ditioD.     Hevised,  with  important  kddiiioofi.     8to. 

Cloth,  $6.00.     Sheep,  $6.50. 

"  It  ii  R  sort  of  wtirk  on  mataria  mrdicn  an<i  Mirnpetitiot  tbkt  bu  been  loDg 
ooadwd  both  by  tbv  pructiliunor  aDdi!tudenl.  and  wa  Bun^^tulfctetbesiithor  Dpoa 
hb  aaoecM  in  carrying  out  n  moat  diffiuull  uoJorlaking." — Amtr.  Jour,  of  ihs 
iled.  Sci«Htt». 

"  Altogstbnr,  thii  work  stands  br  iUelf  ms  the  oaljr  eotnpl'cte  treatUe  on  the 
phj'iiologiaal  oelton  or  drags  in  the  English  lungoage.  and  no  utodost  of  aoiso- 
tifle  tberapeutios  should  be  wilhnut  it." — London  PrrtctiUonrr. 

Thermic    Fever,    or    Sanstroke.       Bv    H.   C.   Wood,    Jr.,   M.D. 

Awnnled  the  BoTleston  Prize  of  Uarvan)  Dnirersity.     12ino.     ClotJi. 

"  Vfe  know  of  no  work  wblcb  givei  lo  full  an  cxpositioD  of  tbii  affwitioD.  Th« 
profoMiun  &r«  under  maoj  obligatioDB  to  Dr.  Wood  for  bi«  «xcflt)cnt  monograph.'* 
—Itv0*tlo  Med.  and  Swy.  Jonmal, 

Vado-Mecuiu  »nd  Pbyaician'u  Viiuting  List.     I6mo.     Bound  in 

leather,  pocket-book  form.     $1.25. 

WOODHTTLL.— StndieH,  chiedy  Clinioil,  in  the  Non-Emetio  Um  of 
Ipt^cacuaiihiL  With  a  Contribution  to  the  TherapeusiB  of  Cholera. 
Bv  Alfred  A.  Wooduull,  M.D,,  Asaistant-Surj^eon  and  Broret 
Lieutenant-Colonel  U.S.A.     8to.     Cloth.     $2.00. 

WOODWAED. — Outlines  of  the  Gliicf  Camp  Piseaaes  of  the  United 
Sait^L's  Armies  as  olmerved  during  the  War.  A  Practical  Contribu- 
tion to  Military  Modieine.  By  JosEpn  Janvier  WooDn.ARD,  M.D.. 
Member  of  the  Academy  of  Naturai  Sciences  of  Philadelphia.  8po. 
Cloth.    $:;..'.(). 

WtJRTZ.— Elemente  of  Modern  Chemietry.  By  Ad.  WCbte,  Pto- 
ftMsnr  of  Chemistry  at  the  ficole  do  M6di*cine,  Paris,  Member  of  the 
Institute,  ate.  Translate.!  and  oilitod  by  Wm.  II.  Greene,  M.D., 
formerly  Domoristrntor  of  ChemiBlry  at  Jefferson  Medical  College, 
Philadfilphift.  Pn^fusely  ilhiatrated.  l2mo.  Extra  cloth.  $2.50. 
Library  ^hccp.  S3.00. 
"  Iq[)«mI,  no  nthor  eloranntary  obemiitry  basgroatar  olaima  for  popnlaritf."— 

Pkiladttphia  Medical  amd  S*trffieat  ttrportmr. 


Th€  leorks  on  this  list  are  for  sait  by  BooluKlltra  gateraUt/,  or  viU  M 
sent,  Jree  of  charge,  vpon  rtceipt  of  the  price  by 

J.  B.  LIPPmCOTT  &  CO., 

PUBLISHERS,    BOOKSELLERS,    AND    IMPORTERS, 
715  AND  717  Makkxt  Strut,  pKiLADELfiiiA. 


